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FOREWORD

The Division of Science Resources Studies
(SRS) supported the workshop on “ Graduate Educa
tion Reform in Europe, Asia, and the Americas and
International Mobility of Scientists and Engineers,”
held at the National Science Foundation (NSF) No-
vember 17-18, 1998. The objective of this workshop
was to provide NSF, SRS, and the National Science
Board with analyses of recent changes in graduate
science and engineering education and international
mobility of scientists and engineers among these re-
gions.

The information generated by this effort isin-
tended to assist NSF in its continuing efforts to pro-
mote the education of scientists and engineers in a
changing global environment. Recent changesin that
environment have included the reported expansion of
graduate S& E programs abroad, as well as changes
in patterns of international mobility of scientists and

engineers. An understanding of the nature and mag-
nitude of these changes is needed to inform program
and policy deliberations and assst in planning NSF
graduate education initiatives.

The information presented here complements
and augments the international coverage in the Sci-
ence and Engineering Indicators report (Chapter
on Higher Education in Science and Engineering) of
the National Science Board.

LyndaT. Carlson Mary J. Frase

Divison Director Deputy Divison Director

Division of Science Resources Studies

Directorate for Social, Behavioral, and Economic
Sciences

April 2000
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SUMMARY OF PROCEEDINGS

Jean M. Johnson and H. Robert Coward

| NTRODUCTION

As the world’s countries recast themselves as
“knowledge-based” economies and build up “nationd in-
novation systems,” ! interest in doctoral education—par-
ticularly in science and engineering (S& E)—isincreasing
around the globe, occasioning areexamination of itsaims
and structure. Reformsin doctoral programsin Asia, Eu-
rope, and North and South America (the Americas) are
amed at smilar concerns:

* strengthening and expanding doctoral educetion;

» making doctora training relevant to awider range
of occupations than just academic careers; and

* educating highly qualified professionals who can
address problems in the context of broader so-
cial, economic, and environmental issues.

In order to increase understanding of developments
in selected countries in various regions, the Divison of
Science Resources Studies of the National Science Foun-
dation (NSF) commissioned a number of papers and, on
November 17, 1998, held a workshop at NSF headquar-
ters. A number of interested persons from within the
NSF, as wdll as other organizations, attended the work-
shop to hear brief presentations by the authors and to
discuss some of the issues raised.

The papers are presented in the following Proceed-
ings. Thisintroduction attempts to provide a context for
understanding recent reforms in doctoral education in an
international perspective and to summarize differencesin
reform strategies among countriesin threeworld regions.
Insofar as the issues are relevant and data available, the
authors of the workshop papers attempted to addressthese
issues and enlarge on the topics in discussing graduate
reforminther own countries. Theintroduction concludes
with a summary of highlights concerning severa topics
that dominated discussionsthat occurred during the work-
shop.

COMPARISON OF ScaLE oF DocTorAL

ProGrAMS

By broad world region,? Western Europe leads the
Americas and Asia in number of earned S& E doctoral
degrees. In 1997, doctoral degreesawarded in S& E fields
by Western European institutions totaled more than
40,000—about one-fifth higher than the number of such
degrees earned in the American region and twice as many
as the number recorded for Asian countries. (See text
table 1 and appendix table 1.)

Western Europe accountsfor 50 percent of thethree
regions tota production of doctoral degreesin the natu-
ra sciences and 38 percent of the doctora degrees in
engineering. The Americaregion awardslessthan athird

Text table 1. Doctoral S&E degrees awarded in three selected regions: 1997 or most recent year

Three region total Asia Western Europe The Americas
Field Number Percent Number Percent Number Percent Number Percent

Doctoral dearees, all fields............... 159,235 100.0, 35,219 22.1 73,306 46.0 50,710 31.8

Science and enaineering.............. 90.577 100.0, 18.513 20.4 40.454 447 31.610 34.9

Natural SCIENCES.......ccoevverererirenans 50.867 100.0 9,505 18.7 25476 50.1 15,886 31.2

Social SCIENCES......cvvvvvevereirirereians 15,417 100.0 1,029 6.7 5,718 37.1 8,670 56.2

ENQINEENiNg.......ccoooviiiiiiiinanend 24,293 100.0 7,979 32.8 9,260 38.1 7,054 29.0
NOTES: Natural sciences here include phvsical. bioloaical. earth. atmospheric. oceanoaranhic. aaricultural. mathematical and comouter sciences.

Europe includes onlv Western Eurone. Redional totals include selected countries for which recent data are available. See annendix

table 1 for countries included in each region.
SOURCES: See anpendix table 1.

1See, for example, recent journal articles on economic develop-
ment through science and technology by a member of the German
Parliament (Merkel 1998), by the French Minister of Education, Re-
search and Technology (AllAgre 1998), and by the Chinese State Sci-
ence and Technology Commission (Nature 1998).

2Thisdiscussion of international comparisons presents datain
terms of three world regions—Asia, Western Europe, and the Ameri-
cas. The specific countries comprising these regions are listed in ap-
pendix table 1.



of such degrees in both the natural sciences and engi-
neering; the Asia region awards almost one-fifth of the
natural science doctorates and one-third of the engineer-
ing doctorates.

TRENDS IN GRADUATE PROGRAMS

DoctoraL DEGREE PRODUCTION

By individual country, the United States |eads in the
number of doctoral degreesearned in S& E fields. In 1997,
U.S. universities awarded about 27,000 S&E doctora
degrees—more than twice the number of S& E degrees
awarded in any of the other mgor industrial countries.
(Seefigure 1.)

However, foreign students account for about 34
percent of the S& E doctoral degrees earned within U.S.
universities. Asian students comprisethemgjority of U.S.
foreign doctora recipientsin S& E. (Seefigure 2.)

S& E doctora degreesin the former West Germany
grew faster than overall doctoral degrees between 1975
and 1995. The number of natura science degreesincreased
5.1 percent annually, engineering increased 4.8 percent
annualy, and overdl degreesincreased 3.4 percent annu-
aly during this 20-year period. (See appendix table 2.)
France undertook a reform of doctoral studiesin 1988 in
an effort to double the number and improve the quality of
S& E doctoral degrees awarded within 8 years. The ef-
fort has largely succeeded: the number of S&E Ph.D.
degrees awarded increased from 5,000 in 1989 to 9,000

in 1996—nearly a75 percent increase (Government of
France 1996).

The scale of graduate education in Japan has been
small by international standards. Until recently, most doc-
torates in the natural sciences and engineering in Japan
were earned by industrial researchers after many years
of research within Japanese companies. Doctora reforms
of 1989 called for the expansion and strengthening of
graduate schools and the establishment of a new type of
university exclusively for graduate study. The country’s

Figure 1. Doctoral S&E degrees in selected countries
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Figure 2. U.S. S&E doctoral degrees earned by U.S. and foreign citizens

30,000
OAsian foreign students
UOther foreign students o _ ] —
BUS G _
25,000 - U.S. citizens o
20,000 A || || L ]
2 H || | - ||
©
S
5]
2 15,000 1
g
IS
>
=2
10,000 1
5,000 1
0 T T T T T T
1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

SOURCE: See appendix table 4.

Ministry of Education began increasing support to univer-
sitiesto improve facilities and greatly accelerate doctoral
programsin natural science and engineering fields. In 1994,
Japanese engineers earned more doctoral degrees for
research within university laboratories than within indus-
trial research laboratories—53 and 47 percent respec-
tively (NSF 1997).

Asian graduate education reforms are al so strength-
ening and expanding doctoral programsin China, Taiwan,
and South Korea. Thus, some Asian countries are be-
coming less dependent on U.S. universities for advanced
training in S&E. In 1997, S& E doctora degrees earned
within mgjor Asian countries (China, India, Japan, Korea,
and Taiwan) reached over 18,000, representing a-12 per-
cent average annual increase from 1993-97. In contrast,
such degrees earned by Asian students within U.S. uni-
versities peaked at 6,500 in 1996, (representing less than
a5 percent average annua growth rate from 1993-96),
and declined in 1997. (Seefigure 3.)

China has invested heavily in graduate education to
“embrace the eraof knowledge economy” (Nature 1998).
While the number of S&E doctoral degrees earned by
Chinese students within U.S. universities showed a de-
cade-long increase until 1996, the number of such de-
grees earned within Chinese universities continues to in-
crease, and at afaster rate. (Seefigure 4.) By 1997, Chi-
nese students earned more than twice as many S& E doc-
torates within Chinese universities aswithin U.S. univer-
Sties.

Other Asian countries are also increasing their ca-
pacity in providing S& E graduate education. In the 1980s,
the Korean Advanced Ingtitute of Science and Technol-
ogy was established to increase support for postgraduate
training within the country. More recently, the industria
giant, Pohang Iron and Steel Corporation established
Pohang University of Science and Technology, much as
early U.S. industrialists founded institutions such as
Stanford and Carnegie-Mellon. Korean universities



Figure 3. S&E doctoral degrees earned by Asian students within Asian and U.S. universities

20,000

18,000 A

16,000 A

14,000 T

12,000 A

10,000 T - -

Number of doctorates

8,000 T

6,000

4,000

0 I f f f

Within U.S. universities

1987 1988 1989 1990 1991

1992 1993 1994 1995 1996 1997

SOURCE: See appendix table 5.

awarded amost 2,200 doctoral degreesin S&E in 1997,
up from 945 such degreesin 1990. (See figure 5 and ap-
pendix table 3.)

TRENDS IN AcaDEMIC R& D

Since doctora degree production is closdly tied to
university research, trends in research and development
(R&D) performed in universities are important to con-
sder. A trend of increasing budgetsfor university research
has continued for two decades across these three regions,
paralleling the expansion of graduate S&E education.
Throughout the 1980s, university-performed research in
North America and Western Europe increased at an av-
erage annual rate of over 5 percent; university-performed
research in Asian countries grew more dowly, at 3.8 per-
cent annually. Thistrend hasrecently been reversed, how-
ever. Inthe 1990s, university-performed research isgrow-
ing faster in Asia (6.3-percent average annual increase)
than in Western Europe (3.7 percent) and North America
(3.3 percent). (Seefigure 6.)

FORCES FOR CHANGE

Forces for graduate education expansion and re-
form include demographic, economic, technological, and
socia changes. Theseforces are atering the nature of—
and the very students who enroll in—graduate programs,
they mandate cross-disciplinary knowledge.

Demographic

Recruitment poolsfor graduate education arerising
from the so-called “massification” (i.e., the enlargement
of the proportion of the population that undertake a uni-
versity degree) of bachelor-level programs in industrial-
ized countries. Across Europe, participation rates of the
college-age cohort in first university degrees have more
than doubled in the last 20 years, from 7 to 17 percent.
Japan has over a quarter of its young people completing
bachelor degrees, and the United States about one-third.
In addition, in the United States, improvement in K-12
programs and undergraduate programs areincreasing the
graduate recruitment pools for women and minorities.



Figure 4. S&E doctoral degrees earned by Chinese students within Chinese and U.S. universities
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Economic

Several economic forces are influencing change in
graduate education. The cost of education, increasing
faster than the cost of living, requires collaboration be-
tween and among research centers. Among economic
forcesfor reform in the United States and Europe are the
pressures from national and state funding sourcesto pro-
duce graduate students who will contribute to economic
development. Asian countries—given their conviction that
economic growth is dependent on science and technol-
ogy (S&T) knowledge and its connection to production—
are accelerating their within-country capacity to educate
scientists and engineers at the doctoral level.

Technological

The pace of technologica changeisdiminishing the
life-span, the so-cdled industrial half-life, of products.
Traditiond industrial R& D for incrementa improvement

of products and processes (a particularly strong suit of
Japaneseindugtrid |abs) are rendered ineffective by bresk-
through innovations creating new commercia products.
As current products become obsolete more quickly, in-
dustries are motivated to partner with graduate research
programs that augment their innovation capacity. New
inventions are increasingly linked to public science (con-
ducted in univerdties and nationa laboratories), and in-
dustry isincreasing its investment in basic research per-
formed in universities.

Social

The growing demand for public accountability of
academic indtitutions is forcing a reexamination of the
balance between faculty research and teaching, and the
role of graduate students as research assistants. Students
are demanding career information and broader skills for
non-academic employment.



Figure 5. Doctoral S&E degrees in selected Asian countries
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SOURCE: See appendix table 3.

DIFFERENT EMPHASES IN REFORMS
Across COUNTRIES

These underlying forces for change, while ubiqui-
tous across regions, show different emphases and reform
strategiesin different countries. Reforms being discussed
naturally differ according to the scae and maturity of
graduate programs, and often reflect stages of economic
development within different countriesand regions. Sev-
eral Latin American and Asian developing countries are
attempting to expand and strengthen their modest gradu-
ate programsto increase the percentage of faculty in higher
education with doctoral training. The United States and
European countries, with large graduate programs and
excellent university research capacity, are mainly focused
on broadening the training of graduate students for ca-
reers outside academia.

Latin America

Within Latin America, countries such as Mexico,
Chile, and Argentina have only recently begun to expand
the scale of their doctora programs. (Brazil greetly ex-
panded the scale of its graduate programsin the 1980sto
foster graduate S& T programs as an essential instrument
for knowledge creation and dissemination.) These devel-
oping Latin American countries are motivated by adesire
to have more of their university faculty trained at the doc-
toral level. For example, within Mexico, about 80 percent
of the higher education faculty have only the first univer-
Sty degree (licenciatura). Government policiesin Mexico
are particularly aimed at upgrading the qualifications of
the teaching staff in the licenciaturas, and thereby im-
proving the quality of the licenciatura degree.



Figure 6. R&D performed in universities, by region

—
%) -
k- Western Europg, — -
IS
v -~
> ~
N ~
S
= -~
b North America »~
[ /
8 — ’ ’
5 — — - -
2] 10 - Asig, ==
o — ™ -
= - -
m R - -
- - -- ="
5
O T T T T T T T T T T T T T T T T T T T

[Te) o ~ [ee) D o — N (a2} <t L [{=] ~ (o) [*2) o — N (a2} < [Te)

N~ N~ N~ N~ ~ [ee] [ee] [ee] [ee] [ee] [<e] [ee] [ee] e} [se} [o2] [*2] [*2] [o2] [o2] D

D D D D D D D D D D D D D D D D D D D D D

— — — — — — — — — — — — — — — — — — — — —

SOURCE: See appendix table 8.

Europe and the United States

Thecriticism by industry of traditiona graduate pro-
grams as too long, too narrow, and too campus-centered
isparticularly expressed in the United States, France, and
Germany. With the expansion of graduate education and
an ever-greater percentage of students who enter ca-
reers outside academia, the larger labor market is de-
manding broader training. For example, Germany is dis-
cussing shortening time to degree and orienting doctoral
recipients to industrial research, since doctoral recipients
are consdered too old to begin working in industry. Full
preparation of scientists and engineers in Germany re-
quires about 20 years of higher education (including a 7-
year first-university degree, a 10-year doctoral program,
and a 3-year habilitation: experience in independently
running a research lab).

Within these advanced industridized countries, dis-
cussions of reform call for doctora training (previoudy
focused on specialized research) to be broadened in a
variety of ways. Theseinclude doctora programs provid-
ing off-campus internships, opportunities for interdiscipli-
nary research experience, teaching and mentoring skills,

complementary course work, and awareness of changing
career opportunities and emerging employment catego-
ries. In addition, higher education ingitutions within the
European Union are promoting transnationa cooperation
in graduate education. For example, Nordic countries are
experimenting with a “European Ph.D.” in which one-
year of doctora research will be conducted in another
Nordic country.

Reforms discussed in advanced countries also re-
late to lessening time-to-degree, and to restraining costs
from public funding sources of enlarged graduate pro-
grams. In European countries, with centralized systems
of higher education and government financial support to
graduate students, shortening time to degree is required
to cut costs, dthough high unemployment rates (10-14
percent) encourage long graduate programs. Within the
United States, lessening time to degree is discussed more
interms of ingtitutiona accountability: students should not
be kept for years within an overspecialized doctoral pro-
gram because of their value as a research assistant to
their major professor.



Asian Countries

Within Asian developing countries, as in Brazil, re-
forms are motivated by the belief that universities could
be the engines of economic growth through research and
innovation leading to high technology products. Reforms
are focused on establishing quality graduate schools,
building university facilities and research infrastructure,
and acquiring highly trained S& E professors, either at home
or abroad. This effort at expansion of graduate educa-
tion is more accelerated in Asia than in Latin America,
and involves the building of whole new science and tech-
nology universities. In now Chinese Hong Kong and in
South Koreg, the establishment of S& T universities has
been supported by private industry. Chinese research
universitiesare expanding through more salf-support from
close aliances with, or ownership of, high-technology in-
dustries, and through internationa loans. In Japan, the
government is funding the upgrading of graduate pro-
grams.

Among advanced countries, Japan’s current reform
efforts are unique. Japan had previoudy evolved a close
match between graduate education and industry; industry
for the most part trained its own doctorate-level research-
ers. Japanisnow concerned that such industrialy-formed
scientistsand engineersare not contributing breakthrough
research for new and emerging industries. With a long-
run recession in Japan, competitive pressures domesti-
cdly and internationally demand that R& D funding build
up the national capacity for breakthrough research and
innovation. Japan is convinced that industries of the 21+
century will require within-country innovation capacity.
As part of its efforts to support future innovation through
basic science, Japan is greatly expanding and reforming
graduate education within its universities. The doubling
of the government budget for science will go mainly to
universitiestoimprovethe environment for basic research.
Japan is greatly augmenting fellowships and traineeships
for graduate students, and funding top level foreign re-
searchers to come to Japanese universities to upgrade
basic research.



WorksHoP DiscussioN HIGHLIGHTS

| NVOLVEMENT OF GRADUATE
EDUCATION WITH INDUSTRY

The relationships being devel oped between univer-
stiesand industry were amajor topic of discussion during
the workshop. The degree to which these relationships
represent ties to graduate education varies among differ-
ent countries and levels of economic development and
depends partly upon the degree to which graduate educa-
tionistiedinto university-based research aswell. InChing,
for example, ties are developing between factories and
both university- and Science Academy-based education
and research. There arefew countriesthat are not grap-
pling with some aspect of the problem, but, whilethisisa
reflection of the force of increasing technological com-
plexity in theindustrial sector, there are many contrasting
trends.

Particularly in devel oping countries, many havelittle
tradition of industry involvement in research at al. This
may limit the degree to which the country’ s firms see the
need to hire individualswith advanced degrees, aswell as
representing abarrier to interaction with university-based
research. Chileand South Koreawere cited asexamples,
but suchindustridized countries as France and Japan share
the problem. Countries such as Brazil are seeking to en-
courage increased interaction with mechanisms such as
tax incentives and shared support for research projects.
Thus, in some countries, industry does not represent a
significant stimulus for the reform or expansion of gradu-
ate education in science and engineering and the major
spur comes from government or international programs,
such as support from international development banks.

Overdl, however, the trend is one of growing inter-
est on the part of the industrial sector. As efforts to de-
velop knowledge-based economies and an increasingly
high tech industrial base are pursued, the market for tech-
nicaly trained people with advanced degrees increases.
Growing numbers of such graduates are going into indus-
try in countries such as Chinaand Taiwan. In Germany,
way's of reshaping graduate education to serve industry’s
needs more adequately has been a major subject of de-
bate and research. Particularly in the case of doctoral
degrees, the German educational system takes so long
that graduates are generally too old to be easily recruited
and assimilated by industry. In other countries, such as
Japan and Brazil, industry’ s growing interest in graduate

education takes the form of increasing support for uni-
versity-based research. Changing education practicesin
Japan that places greater emphasi s on course-based doc-
toral degrees as opposed to career-based degrees means
that such support isincreasingly related to graduate edu-
cation.

In addition to various incentives for cooperation, as
noted above, anumber of countries have introduced spe-
cia programs aimed at strengthening the links between
universities and industry. Sweden, for example, where
nearly all government supported research is performedin
universities, has established specia research companies
attached to universitiesand introduced specia postgradu-
ate programsfor industry. ChamersUniversity, Sweden's
most technologically oriented ingtitution, has, in fact, been
privatized.

The development of ties between industry and uni-
versity- or Science Academy-based education is not a
smooth process. One of the most important and wide-
spread problemsisthe matter of intellectual property rights
digtribution. It is particularly a source of debate in Eu-
rope, where industry claims a relationa equality that is
not apparent to other observers. There are aso tensions
concerning the setting of research agendas—especially
between theindustria interest in applied research and the
basic research interests of the universities. The cultural
differences between research ingtitutions and industry
represent a serious barrier and limitation on the rapidity
with which such ties can be devel oped.

Within countries, the situations may vary from field
to field. Thus, for certain disciplines there is a strong
tradition of producing trained people for the private sec-
tor—e.g., the biological sciencesin Argenting; the infor-
mation technology (IT) industry in India; and engineering
in Japan. There can be a downside of imbalanced indus-
trial demand for employees with graduate degrees, how-
ever. A voracious appetite on the part of certain indus-
tries for particular speciaties may result in the concen-
tration of the most talented studentsin a select number of
narrow fields and deprive other industries their needs for
enhanced human resources.

Thedesireto foster partnerships and produce gradu-
ates that are more oriented toward and have an educa-
tion more suitable for careersin industry provides avery
mixed picture. It was an ubiquitous theme in the papers



and workshop discussion. A variety of experimental
mechanisms are being tried, some of which are based on
U.S. models. Both China and Sweden, for example,
have established systems modeled on NSF s Engineering
Research Centers Program. The program supports topi-
caly focused interdisciplinary research centers at U.S.
universities for up to 11 years with block (as opposed to
project) funding, specificaly to enhance U.S. competi-
tiveness in each Center’s field, with the reguirement of
industrial involvement and co-support. Many countries
are pushing universities and other research institutions—
which may beinvolved in graduate education—to become
more engaged with and derive greater financial support
from industry. France's perceived surplus of degreesis
pushing toward devel opment of courses more oriented to
the“real world.” Europe, in generd, isgrappling with the
fact that more than half of graduate degree S& Eswill not
go into academic careers. Mot efforts involving the in-
teraction between graduate education and industry are
experimentd, in the early stages of development, smdl in
number and in scale, and their ultimate impact cannot be
assessed at thistime.

| NVESTMENTS BEING MADE IN

GRADUATE EDUCATION

There were not a great deal of quantitative time-
series data concerning trendsin the financing of graduate
education availablefor the workshop papers, dthoughris-
ing enrollments in most countries implies increased in-
vestment. Like the involvement of industry with gradu-
ate education, there were a number of common themes
concerning the funding of graduate education. However,
countries have devised such avariety of methodsto meet
their individual chalengesin thisareathat it is difficult to
discern any pattern. Depending upon a country’s consti-
tutional structure, there are variations in the patterns of
national, regiona or local, industrid, and salf-support for
graduate education. The rising cost of research-based
education and the impact of the enlarging pool of univer-
sity graduates resulting from “massification” that seek
access to graduate degrees has placed particular stress
on government support of education. Consequently, the
most common theme isthe effort to reduce the burden on
public funding, whether by cutting government support
for graduate education—especialy in terms of individual
scholarships, imposing student fees and tuition, or seeking
industrial support. In the more developed countries,
“massification” is probably the most widespread motive
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for governments to seek reductions in the cost of educa-
tion, but countries such as Argentina are aso grappling
with itsimplications.

There is also a widespread trend toward greater
selectivity and relevance to economic development. Fac-
tories are contributing to both academy and university ef-
fortsin China. Japan has made university funding more
competitive and selective. Chile is trying to make public
support more mission-oriented and contract-based. Most
of the European countries, beginning with Britain, have
undertaken efforts to make research and graduate train-
ing more relevant to socio-economic objectives. In the
European Union (EU), thereis an interest in more struc-
tural financial input on part of industry. There are limits
to what various agencies can do, however. InFrance, for
example, the fact that about 30 percent of graduate stu-
dents are sdf-funded limits the government’s ability to
deal with what is perceived to be excess production of
graduate degrees. In recent years, Mexico has gone
through periods of expanding and contracting programs
due to varying perceptions of the market for advanced
degrees.

Overdl, the trend in funding of graduate S& E edu-
cation appears to be upward. Especially in developing
countries, such as Argentina, Chile, Brazil, China, and
South Korea, but in Japan as well, government invest-
ment is increasing, although not necessarily in the same
forms. In Argentina, for example, there has been an in-
crease in the number of fellowships available for gradu-
atework from avariety of new programs, but a decrease
in the number from the traditional CONICET source.

In other countries, too, the mix of funding is shifting.
In China, more funds are going to the universities than to
academy-based education. Japan’sincreasing investment
in graduate education includes substantial emphasis on
the support of basic research in the universities and there
is a strong initiative for the selective alocation of re-
sources. In Chileand Argentina, there has been agrowth
in the number of private universities, which meansan in-
creased number of self-supported, tuition paying students.
Although public funding is increasing, the proportion of
public funding appears to be decreasing, with agrowth in
industrial support representing the primary countervailing
factor. The impact of this should not be exaggerated,
however—non-governmental funding of graduate educa-
tion remains asmall part of the picture overall.



Internationally, the changing economics of graduate
education is evident through the interest of international
organizations. The OECD is funding a study examining
the costs per student versus the cost of research. The
World Bank is increasingly involved in supporting pro-
grams that do not just support, but try to reform higher
education in countries such as Chile, Brazil, China, and
Thailand. Other regional development banks in Latin
America, Africa, and Asiaare becoming increasingly in-
volved in efforts to reform higher education and promote
R&D.

Investment in human resources in higher education
raises other important issues. The increase of private
ingtitutions in countries like Chile and Argentina, as well
as a number of other developing countries, generally
means an increase in ingtitutions staffed by faculty lack-
ing advanced degrees. On the one hand, devel oping coun-
tries typicaly are in the postion of needing to channel
new graduate degreesinto their higher education systems
in order to raise faculty credentials, often hampered by
the need to wait for current faculty toretire. At the same
time, many private universitiesface neither legal nor eco-
nomic incentives to provide a large proportion of faculty
with graduate degrees. Demand for more advanced train-
ing creates a highly profitable market in Chile for the so-
caled“ pogtitulu” programs—so financialy profitable that
they can attract faculty away from traditional graduate
education programs. These “ postitulo” programs refer to
professional education for jobs such as engineer, teacher,

or lawyer.

MoBILITY

The mobility of trained scientists and engineersisa
topic of great interest on which data are quite limited.
Host countries often have good information concerning
the foreign students to whom degrees were granted, as
was shown in severa of the papers, but the whereabouts
of nationals studying abroad is limited. Even countries
where support for study abroad is concentrated in the
hands of the central government do not know how many
privately supported students are abroad, much lesswhere.
Even U.S. data, which isquite good on foreign studentsin
the United States, provide but limited information on U.S.
students abroad.

Perspectives within individual countries derive pri-
marily from two factors—whether the country is advanced
or developing, and whether the direction of flow repre-
sentsa“brain drain” or a“brain gain.” The direction of

flow isusudly from the devel oping to the more advanced
countries. In France, however, an excess of graduate
degrees and lack of post-doctoral support for French na-
tionals (it is concentrated on foreign candidates) asatem-
porary holding position resultsin abrain drain, much of it
to the United States. On the other hand, Taiwan and
South Korea have achieved notable successin reversing
the flow and attracting their nationals back home.

The flow from developing countries is usually due
to alack of opportunitiesat home. Few jobsfor individu-
als with advanced degrees may be available, and those
that exist represent poor financia rewards and inferior
working conditions and facilities. In some countries, do-
mestic training isviewed asameans of escape from these.
The paper on India notes that many students select their
field of study based on those that offer the best opportu-
nities of finding opportunities to study and then work
abroad. (One countervailing factor can be that success
abroad affords the opportunity to return home for family
or other reasons with a financia cushion.) With an un-
dergraduate degree in a marketable field, foreign gradu-
ate training becomes attractive and often leads to job op-
portunities in the country involved. U.S. universities are
particularly attractive, and students benefit from opportu-
nities in both the academic and industria sectors upon
receiving their advanced degree.

Programs intended to attract S& E nationals home
abound. In Taiwan, efforts such as the establishment of
technology parks have been rewarded and the return rate
can be documented, and Korea has had similar success.
In many cases, the return represents an opportunity af-
forded by a multinational corporation seeking a hilingua
individual to manage aloca manufacturing facility or labo-
ratory. China has provided specid positions—some pro-
vided with extra funding from the provincid or loca gov-
ernment—intended to induce expatriate S& Es to return
or to recruit foreign faculty, and Taiwan is particularly
open to the recruitment of foreign faculty. Colombiais
attempting to identify its expatriate community and keep
membersin touch with their homebound counterpartsin a
network that does not necessarily aim at bringing them
home. One anecdote quoted a high Chinese officia as
being unconcerned about the number of overseas S& Es:
modern transportation would make it easy enough for
them to return when China developed the jobs for them,
and globalization would eventualy make the issue moot!

It was suggested that there might be some sort of
metric involved in bringing about the turn-around from
drain to gain. Although it may be necessary that some
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particular level of per capita GDP be achieved for this,
incentive programs, politicd factors, and other factorswere
seen as entering into the equation. The role of small and
medium enterprises (SMES) in the economy, their recog-
nition (or lack thereof) of the need for employees with
advanced training, and ability to attract the venture capi-
tal to hire them and initiate projects usng their taents,
was consdered apotentialy important aspect of acountry’s
ability to reverse brain drains—both from developing and
advanced countries. SMES represent a large potential
market for graduate trainees, if the financial and cultura
climates are accommodating.

Most developing countries recognize the need for
extensve graduate training abroad and provide fellow-
ships, loans, or other subsidies to assist their nationdsin
achieving this. Some countries, such as China and Ma-
laysia, attach stringent conditions and obligations to such
funds, although their success at enforcing requirementsis
less than complete. Latin American countries appear to
take amore laissez-faire approach in providing funds for
overseas support and, since the decline of authoritarian
government in the region, seem to be gaining increased
rates of return, athough no quantitative data were pre-
sented at the workshop to document this.

A relatively recent phenomenon in international
mobility relates to globdization of the economy and to
European integration. In Asia, efforts to attract foreign

students are being made by China, Hong Kong, and Tai-
wan. Spainisincreasingly attractive asaplacefor Latin
Americansto do graduate study. Within Europe, the Nor-
dic countries have established an initiative with some 6,000
grants that support study within another Nordic country
as arequired part of an advanced degree, a program in-
tended to promote their regional identity and have educa
tion dedl with regiona problems.

The European Union (EU) has become influential
in policies on higher education, largely to the extent of
default by the national governments. Originally charged
with providing Europe-wide standards for technical train-
ing and certification, EU proposds, such asonefor a“Eu-
ropean doctorate,” have not been received with great
enthusiasm, but such proposals do tend to lead to incre-
mental changes. The European Commission’s budget,
especidly for research, provides a certain amount of le-
verage, too. Several European graduate research cen-
ters have been established.

Finaly, as the discusson above of the involvement
of graduate education with industry implies, there are
emerging patterns of mobility between graduate educa-
tion and industry. This may take the form of increased
recruitment of students with advanced degrees by indus-
try, interactive modes such as seminars, personnel ex-
change, and cooperative research, and industrial involve-
ment in various types of advisory mechanisms.
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Appendix table 1. Earned doctoral degrees in science and engineering, by region/country: 1997 or most recent year

Degree field
) All doctoral All SeE Natural Math and i Social o
Region/country d doctoral . . computer Agriculture ) y | Engineering Non S&E
egrees degrees sciences sciences sciences
Total, three world regions............... 159,239 90,577 38.367 6.048 6.176 15.417] 24,239 68,658
Asia
Totalovveeceeeee e 35,219 18,513 6,533 609 2,363 1,029 7,979 16,706
China....ccveeeicccceeeee) 6,042 5,328 1,678 334 348 325 2,643 714
India......cooviiceeee e 9,070 4,000 2,950 NA| 715 NA 335 5,070
Japan C........ccoovvecneeees 13,921 6,157 1,315 NA| 1,043 388 3,411 7,764
South Korea........ccooevvrvcenrnnnnnns 4,999 2,189 427 187 178 240 1,157 2,810
1,187 839 163 88 79 76) 433 348
Western Europe
Totalvvicecceeee e 73,306 40,454 19,953 3,248 2,275 5,718 9,260 32,852
European Union............cceeeeveee. 69,006 38,167 18,863 3,065 2,141 5,337 8,761 30,839
AUSEHAL v 2,144 1,184 316 139 245 137 347 960
Beldium....covovvveeeecceees 602 373 191 19 66 NA) 97 229
Denmark......ccccevevereverininnnn, 365 177 103 0 34 10 30 188
Finland........cccooovvviiiiiiciinns 1,422 598 168 74 54 118 184 824
France.....cccovvvvecceeinnnns 11,073 8,962 4,394 869 207 1,629 1,863 2,111
GEIMANY....cvevevrirrereieeeerirenens 24,174 11,728 6,418 785 521 1,775 2,229 12,446
GIEECE....veveveteeirerereree e 932 367 128 44 36 66 93 565
Ireland........cccocevevvicccrennne, 423 307 234 13 14 10 36 116
AV, 3,463 1,643 770 22 156 85 610 1,820
The Netherlands....................| 5,014 1,567 594 0 311 261 401 3,447
SPAIN.c.vevevererreiee e 5,852 2,550 1,449 331 107 249 414 3,302
SWEAEN.....ceieeirerecrirerereiens 2,549 1,580 473 204 102 181 620 969
United Kingdom..................... 10,993 7,131 3,625 565 288 816 1,837 3,862
European Free Trade Assoc...... 4,300 2,287 1,090 183 134 381 499 2,013
NOTWAY....vvevvrecicieieeiciseieeas 643 425 145 32 32 88 128 218
Switzerland....o 3,657 1862 945 151 102 203 371 1795
The Americas
Totaloovoeccceeee e 50,710 31,610 12,157 2,191 1,538 8,670 7,054 19,100
North America. 47,273 29,408 11,032 2,183 1,130 8,467 6,596 17,865
Canada. 3,834 2,165 629 171 116 759 490 1,669
Mexico........ 734 396 113 11 48 170 54 338
United States. 42,705 26,847 10,290 2,001 966 7,538 6,052 15,858
South America... 3,437 2,202 1,125 8 408 203 458 1,235
Argentina.... 408 382 218 8 97 18 41 26
Brazil...... 2,972 1,775 862 NA 311 185 417 1,197
Chile.iiiiiiiiiiiii 57 45 45 NA 0 0 0 12

* Natural sciences here include physical, earth, atmospheric, oceanographic, and biological sciences.
® Social sciences include psychology, sociology, and other social sciences.
¢ Japanese data include "thesis" doctorates called Ronbun Hakase, earned by employees in industry.

KEY:

NOTES:

SOURCES:

NA = not available

Data are compiled from numerous national and international sources, and degree fields may not be strictly comparable. Data for Austria, Canada, China,

Denmark, Finland, France, Germany, Ireland, Italy, Japan, the Netherlands, Norway, South Korea, Sweden, Taiwan, the United Kingdom and the United
States are for 1997. Data for Argentina, Belgium, Brazil, Chile, Mexico, Spain and Switzerland are for 1996. Data for India and Greece are for 1994.

ASIA: China—National Research Center for Science and Technology for Development, unpublished tabulations; India—Department of Science and

Technology, Research and Development Statistics 1994-95 (New Delhi:1966); Japan—Ministry of Education, Science, and Culture (Monbusho), Monbusho
Survey of Education (Tokyo: annual series); South Korea—Ministry of Education, Statistical Yearbook of Education (Seoul:1998); Taiwan— Ministry of
Education, Educational Statistics of the Republic of China: 1998 (Taipei:1998); EUROPEAN UNION: Austria; Denmark; Finland; Ireland; Italy; Spain;
The Netherlands; Switzerland—OECD/CERI; France—Ministére de [Education Nationale, de la Recherche et de la Technologie, Rapport sur les Etudes
Doctorales, (Paris, 1998); Germany—Statistisches Bundesamt, Priifungen an Hochschulen (Wiesbaden); Greece—National Statistica; (1997); Sweden—
Statistics Sweden, unpublished tabulations (1997) and OECD/CERI; United Kingdom—Higher Education Statistical Agency, Students in Higher Education
Institutions, 97/98 (Cheltenham:1999); EUROPEAN FREE TRADE ASSOCIATION: Norway—Institute for Studies in Research and Higher Education, the
Norwegian Research Council, unpublished tabulations (1997); The Americas: Argentina—Ministry of Education and Culture, unpublished tabulations, 1999;
Brazil—Ministério da Educago e Cultura, Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), Brasilia; Canada—tabulations from
Association of Universities and Colleges of Canada, based on Statistics Canada; Chile—Consejo de Rectores Universidades Chilenas, unpublished
tabulations; Mexico—Asociacion Nacional de Universidades e Instituciones de Educacion Superior, Anuario Estadistico 1995 Posgrado (Mexico:1996); and
United States—National Science Foundation, Division of Science Resources Studies, Science and Engineering Doctorate Awards: 1997, NSF 99-323

(Arlington, VA, 1999).
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Appendix table 2. Doctoral degrees in science and engineering in selected Western industrialized countries, by field: 1975-97

Page 1 of 2
Country/degree field 1975 | 1977 | 1979 | 1981 | 1083 | 1985 | 1986 | 1087 | 1988 | 1989 | 1090 | 1901 | 1992 | 1993 | 1904 | 1995 | 1996 | 1997
France
TOBI PR na|  NAl Nal na] Nal Nal Na| Na| Nal 5963 | 6782 | 7,198 | 8585 | 9,205 |10,602 | 9,801 [10.963 | 11,073
TOAl S&E. e Nnal  NAl NAl na| NAl Nal NA| NA| Na| 4888 | 5158 | 5384 | 6377 | 6,820| 7,555 | 7,027 | 8511 | 8962
NLUral SCIENCES...rvrrrrree Nna|  NAl NAl nal NAl NAl NA| NA| NA| 2615 | 2,841 | 2,883 | 3525 | 3631 ] 3866 | 3572 | 4052 | 4394
Mathematics/computer sciences.... NA NA NA NA NA NA NA NA NA[ 722 795 831 976 1,065 1,203 1,129 | 1,241 869
Agricultural SCIENCeS.................. nal  nAl o Nal na] NAl mal NA| Nal o ma] 37| s3| 8| 38| s2]|  w| sa| 104 207
SOCial SCIENCES..vvvrvrererrsro na|  nNAl Nal nal NAl Nal NA| Na| NA| 72| 488 s39| 63| 797| 1018 815| 1285| 1,620
ENGINEENING. s nal  nNAl o Nal nal NAl Nal NA| Na|l NA| 42| 9s1| 1003 | 1175 1275] 1374| 1427 | 1739 | 1863
NON-SEE...sreeseseseeeecececesec nal  nal o nal o nal o nal nal Nal nal o NAl 1075 | 1624 | 1814 | 2208 | 2475 3047] 2774 | 2452 | 2111
Germany
TOA PR 11,418 [11,386 [11,039 [12,283 [13,637 [ 14,951 [15,530 [ 16,064 [17,321 [17,901 [22,372 [22.462 [21,438 [22,000 [22,000 [ 22,387 [22,849 [ 24,174
T S&E. e 4588 | 4922 | 4821 | 4710 4978 | 5738 | 6,091 | 6576 | 7,101 | 7,568 |10,762 |10,465 |10,148 [10.200 |10,200 | 10,889 [11,472 | 11,728
NtUral SCIENCES. ..o 2238 | 2,443 | 2380 | 2,444 | 2,404 | 2,986 | 3,184 | 3440 | 3,844 | 4,005 | 5319 | 5326 | 5638 | 5700 5700 5868 | 6,078 | 6418
Mathematicsicomputer sciences...| 242 | 294| 273| 213| 274| 274| 278| 204| 332| 383| 420| 418| 464| s00| s00| 663 80| 785
Agricultural SCIENCeS.......rr. 338| 323| 281| 317| 361 414| 406| 468| 4s0| s518| 997| 700| 602 00| s00| s07| s12| 521
SOCial SCIENCES. v 1015 | 1,024 | 959| o13| 966| 968 | 1,064 | 1,068 | 1,150 | 1,200 | 1544 | 1,483 | 1,344 | 1,400 | 1.400| 1,741 | 1803 | 1,775
ENGINEENING. .o 755| 838| 928| 823| 973| 1,006 | 1,150 | 1,306 | 1,325 | 1372 | 2473 | 2529 | 2,200 | 2,100 | 2,200| 2,110 | 2,269 | 2,229
NON-S8E .o 6,830 | 6464 | 7,118 | 7,573 | 8659 | 9,213 | 9,439 | 9488 | 10,220 |10333 11,610 |11,997 |11,290 [11,800 {11,800 | 11,498 | 11,377 | 10,446
United Kingdom

TOB! PR 5341 | 5331 ] 5700 | 5983 | 6528 | 6,208 | 6492 | 6835 | 7,588 | 7,845 | 8242 | 8,387 | 8396 | 8717 9,000 9,761 | 9,974 | 10993
TOAl S&E. s 4,023 | 4115 | 4222 | 4463 | 4759 | 4,608 | 4759 | 5016 | 5663 | 5816 | 6,207 | 6,302 | 6,112 | 6,008 | 6325 | 6,512 | 6583 | 7,131
NLUFal SCIENCES. .. vrvrerrrree 2,082 | 2,155 | 2,303 | 2,389 | 2426 | 2,400 | 2,495 | 25583 | 2,787 | 2,937 | 3113 | 3,151 | 3054 | 3034 3200| 3356 | 3373 | 3625
Mathematicsicomputer sciences...| 242 | 282| 273| 311| 289| 282| 200| 321| 374| 415| 471| s35| s519| s28| 00| 602 81| 565
Agricultural SCIENCes................... 200| 208| 185| 105 183| 150| 260| 192| 244| 238| 241| 248| 279| 275 325 51| 200| 288
SOCial SCIENCES. vvvrvrererrsre a31| s13| 95| sa1| 663| 87| 686| 732| 899| 878 916| o14| 935| 739| 700| e46| 674 816
ENGINEENING.. s 1059 | 957| 96| 1,027 | 1,198 | 1,071 | 1,028 | 1,188 | 1,359 | 1,348 | 1466 | 1,454 | 1,325 | 1522 | 1,500| 1,557 | 1,656 | 1,837
NOM-SBE .o 1318 | 1216 1478] 1520 1769 | 1600 | 1733 | 1810 | 1,925 | 2,029 | 2,035 | 2,085 | 2284 | 2,619 | 25675 | 3249 | 3391 | 3862

See explanatory information and SOURCE at end of table.
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Appendix table 2. Doctoral degrees in science and engineering in selected Western industrialized countries, by field: 1975-97 (Continued)

Page 2 of 2
Country/degree field 1975 | 1977 | 1979 | 1981 | 1083 | 1985 | 1986 | 1087 | 1988 | 1989 | 1090 | 1901 | 1992 | 1993 | 1904 | 1995 | 1996 | 1997
United States
TOBI PR 32,952 31,716 |31,239 |31,356 |31,282 31,298 |31,899 [32,367 33,499 |34,324 (36,068 [37,517 |38:853 |39,754 [41,011 [41,743 |42,415 | 42,705
TOAl S&E. e 18,799 (18,008 [17,872 |18,257 | 18,635 | 18935 |19,437 | 19,804 {20,032 |21,731 [22,868 [24,023 |24,675 |25,443 | 26,205 | 26,535 27,230 | 26,847
NLUral SCIENCES...rvrrrrree 8103 | 7,676 | 7,817 | 7,095 | 8195 | 7,326 | 7,486 | 7,679 | 8,157 | 8,009 | 8589 | 9,086 | 9372 | 9,562 | 9,996 | 9,997 |10,355 | 10,290
Mathematicsicomputer sciences...| 1147 | 964| 979 960| 987| 998| 1,128 | 1,100 | 1264 | 1,471 | 1,507 | 1,839 | 1,927 | 2004 | 2,022 | 2188 | 2,043 | 2,001
Agricultural SCIENCeS.................. 05| 782| es5| 982| 1015| 1,110 | o998| 977| 1015 | 1,086 | 1,176 | 1,074 | 1063 969| 1.078| 1,036 | 1,037 | 966
SOCial SCIENCES. vvvrerererrsro 6538 | 6,720 | 6582 | 6,774 | 6672 | 6,335 | 6,450 | 6337 | 6,310 | 6,532 | 6,614 | 6,806 | 6873 | 7,190 | 7,289 | 7,307 | 7,400 | 7,538
ENGINEENING. s 3011 | 2,648 | 2494 | 2528 | 2,781 | 3,166 | 3376 | 3712 | 4,187 | 4543 | 4,894 | 5215 | 5439 | 5696 | 5822| 6,008 | 6305 | 6,052
NON-SEE...sreeseseseeeecececesec 14,153 [13,708 [13:367 |13,009 | 12,647 12,363 | 12,462 | 12,473 | 12,567 | 12,593 [13.200 [13,494 14,178 |14,311 | 14,806 | 15208 | 15,185 | 15,858
Summary, S&E doctoral degrees, by country
Total S&E Ph.D. degrees................ N[ NAl NA[ nA[ NA] NA] NA[ NA] NAJ40,003 [44,995 [46,174 [47,312 [48561 [50,285 [50,963 [53.796 54,668
FTRNCE. oo Nnal  NAl Nal na| NAl NAl NA| NA| Na| 4888 | 5158 | 5384 | 6377 | 6.820| 7,555 | 7,027 | 8511 | 8962
GEIMANY e 4588 | 4922 | 4821 | 4710| 4978 | 5738 | 6,001 | 6,576 | 7,101 | 7,568 |10,762 |10,465 |10,148 [10,200 |10,200 | 10,889 [11,472 | 11,728
United Kingdom. ..o 4,023 | 4115 | 4222 | 4463 | 4759 | 4,608 | 4759 | 5016 | 5663 | 5816 | 6,207 | 6,302 | 6,112 | 6,098 | 6325 | 6,512 | 6583 | 7,131
United StatES....ocecrccscsncsccnc 18,799 118,008 17,872 18,057 | 18,635 |18,935 19,437 | 10,894 | 20,932 |21.731 |22.868 24,023 24,675 |25.443 | 26,205 | 26,535 |27,230 | 26,847
KEY: NA = not available

NOTES:  French doctoral degree data not available before 1989 (in the same data series). Natural sciences include physical, biological, earth, atmospheric, and oceanographic sciences.

SOURCES: France: Ministere de I'Education Nationale, de la Recherche et de la Technologie, Rapport sur les Etudes Doctorales (Paris,1998); Germany: Statistisches Bundesamt, Prufungen an Hochschulen
(Wiesbaden, 1998); United Kingdom: Higher Education Statistical Agency, Students in Higher Education Institutions 97/98 (Cheltenham: 1997); United States: National Science Foundation, Division
of Science Resources Studies, Science and Engineering Doctorate Awards: 1997, NSF 99-323 (Arlington, VA: 1999).



0c

Appendix table 3. Doctoral degrees in science and engineering in selected Asia countries, by field: 1975-97

Page 1 of 2
Country/degree field 1975 | 1977 | 1979 | 1981 | 1983 | 1985 | 1986 | 1087 | 1983 | 1989 | 1900 | 1901 | 1092 | 1993 | 1994 | 1995 | 1996 | 1997
China
Ot PR of of o of 1] 234 307] 622] 1682] 1.904] 2127] 2.556] 2540 2.114] 3590] 4.364] 4950 6,042
T S&E oo of o o o Na|l 125 127| 218| 797| 1.024| 1.069| 1.198| 1357 1895 2741| 3417| 2.428| 5328
Natural SCIenCeS.........orvrro. of o o o Nl 33| 27| 52| 16| 141] 209| 252| 304| 528| 918 1.101| 1479 1678
Mathematics/computer sciences.... 0 0 0 0 NA 23 10 31 75 78 89 95 101 103] 139 187| 264 334
Aaricultural sciences...................... 0 0 0 0 NA 1 0 8 55 56 20 37 68 92 125 182 256 348
SOCial SCIENCES..rrrrvrerererer of o o o wNal o 1| o 2| 2| 3| 47| 61| 102 170] 198| 234 325
A of o o o Nal e8| 8| 127| a76| 726 715| 767| 823 1069 1.389| 1.650| 2.195| 2643
NON-SEE . ol o ol ol nal 109l 180| 404] 8ss| 8sol 1058| 1358| 11831 219 8a9| oa7| 22| 714
India
TOtal PR 2015|2710 3646 4904 6507 7.139 7.346| 7,603 7.508| 8284] 8586| 8374 8383| 8720 9.070[ 9.070[ 9.070[ 9,070
T S&E oo 1.909| 2.408| 2917| 3356| 3.686| 3.976| 4.052| 4123 4208 4200| 4.166| 4212| 4183 4021| 2.000| 4.000| 4000 4.000
Natural SCIENCES......oorrr 1484| 1.837| 2261| 2516 2800 2892 2922| 2937| 3.038| 3044 2.976| 2950| 3044 2997 2.950| 2.950| 2950| 2.950
Mathematics/computer sciences.... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Adricultural SCIences.................. 280 317| 480| 558| 575| 575| 576| 583| 576| 579| 583| 633| e8| 01| 715| 715| 715] 715
Social SCIENCES.......ccovvvvvveririiinan, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

136 174 176 282| 511f 509 554| 603] 594] 586 607 629 451] 323 335 335 335 335
106] 302| 729| 1548| 2.711] 3163 3294]| 3480{ 3390 4.075| 4420| 4162 4200] 4699] 5070] 5070] 5.070] 5070

Japan
Total Ph.D...c.ocveeecseecccsee s 4592(5322 5812 6599| 7.233| 7,978 8533| 9,157| 9,602] 10,036| 10,633| 10,758 10,885] 11,576| 12,160 12,645(13,820| 13,921
Total S&E........cvveveiriercreeieieinn 2,127 2,492 2,515 2,632 2,676 3,088 3,095| 3248| 3511 3,561| 3,704| 3,874 4,056| 4,438| 4,877| 5205 6,006| 6,157
Natural SCIENCES........ccvvvevrrrerieraes 676 843 814 791| 774 860 820{ 837| 88l 876/ 835/ 863| 892] 1,009| 1,132 1,182 1,243| 1,315
Mathematics/computer sciences.... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Aaricultural SCIENCES........coevvevrrans 381 518 430| 529 5151 697 646| 715 746] 734 719 791 870 824 894 956 1,108 1,043
Social SCIENCES.....ccvvrvvrrerireriernens 84| 88 76 76 97 127 136 149 167 177 183 191 200f 243[ 241| 276 358/ 388
ENGINEEING. ....cvcvrericreieereieieinne 986( 1,043 1,195 1.236| 1290 1404 1.493| 1547| 1717| 1,774] 1967| 2,029 2,094| 27362| 2,610 2,791| 3.297| 3411
NON-S&E .o, 2465]2.830) 3297 3967| 4557] 4.890] 5438 5909| 6.091] 6475 6929| 6.884| 6.829] 7.138| 7.283[ 7.440| 7.814| 7.764

Korea
Total Ph.D...c.ovcrecveeccse s 557 566 583| 601| 845 1400 1.645| 1906| 2,125| 2.458| 2.481| 2984 3,211| 3583| 3,999 4,462 4,723| 4,999
Total S&E......c.cvveeieieiieerieieeieieiand 128 99| 139 212| 281 548 631] 759| 871] 984| 945| 1,135( 1,228] 1.421| 1.650( 1,920 2,046| 2,189
Natural SCIENCES........ccovvevvrvverreren, 29 22 41 75 83| 212 201| 277 207 192 170 225 202] 244 296 358 391 427
Mathematics/computer sciences.... 0 0 0 0 0 0 0 0 73 105 75 99 106] 124 145| 169 178 187
Aaricultural sciences..........c..cceev.... 48| 40 45 52 60 89| 105| 110/ 155 175 154| 156 151 172[ 196 223 199 178
Social SCIENCES.......ovrerrerrerrereerenns 31 23 24 25 41 50 52| 102 90 97| 107 189 217 222 227 232| 236 240
ENGINEEING.....c.cveverrcrieiciiieian 20| 14 29 60 97 197 273| 270| 346] 415 439 466 5521 659 786| 938 1,042 1,157
NON-S&E. ..o 429 467] 444 389] 564] 852 1014] 1147 1254] 1474] 1536] 1849( 1983| 2162| 2349 2542 2677 2810

See explanatory information and SOURCE at end of table.
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Appendix table 3. Doctoral degrees in science and engineering in selected Asia countries, by field: 1975-97

Page 2 of 2
Country/degree field 1975 | 1077 | 1979 | 1081 | 1983 | 1085 | 1986 | 1087 | 1983 | 1980 | 1990 | 1001 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
Taiwan
Total PR.D...c.ocvvrrercveeeeseeesnienes 37 45 43 64 86 115 200 225 249 314 410( 410/ 608 701 808| 848| 1,053| 1,187
Total S&E........oovvreiirieierininieinnd 21l 24 26 49 58 109 172 197 197 257 312 370 450f 513[ 592| 650 783 839
Natural SCIENCES.........ccevvevrrrereeran, 2 4 4 8 8 20 22 35 35 42 47 62 82 971 115 115| 154 163
Mathematics/computer sciences.... 0 0 1 1 4 4 13 14 14 18 24 K7 42 45 49 55 63 88
Adricultural SCIENCES.........cccvrvnnend 4 4 7 15 17 10 28 28 28 36 33 36 39 48 60 63 65 79
Social SCIENCES.......cueerereriererernen. 71 13 6 10 15 16 26 22 22 41 43 Kl 23 36 56 44 66 76
ENGINEEriNG.....c.ccveveevcreieicciiieiinn 8 3 8 15 14 59 83 98 98 120 165 209| 264 287 312| 373| 435 433
NON-S&E ..o, 16| 21 17 15 28 6 28 28 52 57 98 40 158 188] 216 198[ 2701 348
Total Asia, by S&E field
Total Ph.D....cocvrceceieeeee e 7,201| 8,643 10,084 12,168 14,780 16,866 | 18,031 | 19,513| 21,256 | 22,996 | 24,237 | 25,082 25,627 | 26,694 | 29,627 | 31,389| 33,616 | 35,219
Total S&E........coieieiceierceeieieieinn 4,185( 5,023 5597| 6.249| 6,901| 7,846 8,077| 8,545| 9,584|10,035| 10,196| 10,789(11,274] 12,288 13,860 15,192(17,263| 18,513
Natural SCIENCES.........ccoeveererrerrraees 2,191| 2,706 3,120 3,390| 3,665 4,017 3,992| 4,138 4,326 4,295| 4237| 4,352| 4,524| 4.875| 5411| 5796| 6,217| 6,533
Mathematics/computer sciences.... 0 0 1 1 4 27 23 45 162] 201| 188 226 249 272] 333 411] 505 609
Aaricultural sciences..........c..ccevve.. 722 879 962 1,154| 1167 1,372 1,355 1.444| 1560| 1,580| 1509| 1,653 1,816] 1,838| 1,990 2,139| 2,343| 2,363
Social SCIENCES........cvvvererirerrerann, 122| 124 106 111] 153 193 215| 273| 305 338 369| 458 501] 603 694 750[ 894 1,029
1,150 1,234 1,408 1593| 1912 2,237 2/492| 2.645| 3,231] 3,621| 3.893| 4,100 4,184| 4,700| 5432| 6,096 7,304| 7,979
3,016(3,620{ 4487 5919 7.860] 9,020{ 9.954| 10,968) 11.672] 12,961 | 14,041| 14,293 {14,353 | 14,406| 15,767 16,197 [16,353| 16,706
Summary, S&E doctoral degrees, by country

Total ASia....c..cieereieieieeeie s 4,185( 5,023 5,597 6,249 NA| 7,846 8,077| 8545| 9,584]|10,035| 10,196| 10,789(11,274] 12,288 13,860 15,192(17,263| 18,513
ChiNa...oovecccee e 0 0 0 0 NA| 125 127| 218 797 1,024| 1,069 1,198 1,357| 1,895 2,741| 3.417| 4,428 5,328
INGIALc. v 1,909| 2,408 2,917 3,356| 3,886 3,976 4,052| 4,123| 4,208 4,209| 4,166| 4,212| 4,183 4,021| 4,000| 4,000| 4,000| 4,000
JADAN. ... 2,127 2,492 2,515 2,632 2,676 3,088 3,095| 3248| 3511| 3,561| 3,704| 3,874 4,056| 4,438| 4,877 5205 6,006| 6,157
KOTa.....vvcvvcveieiereseeese e 128 99| 139 212| 281 548 631| 759| 871 984| 945| 1,135( 1,228| 1.421| 1,650 1,920 2,046| 2,189
Talwan. oo, 211 24 26 49 58 109 172 197f 197] 257f 312 3701 4500 513 592] 650| 783] 839

NA = not available
NOTES:  Natural sciences include physical, biological, earth, atmospheric, and oceanographic sciences. Japanese data include "thesis" doctorates, called Ronbun Hakase, earned by employees in industry. In

Japanese higher education data, mathematics is included in natural sciences; computer science is included in engineering.
SOURCES: China—National Research Center for Science and Technology for Development, unpublished tabulations; India—Department of Science and Technology, Research and Development Statistics
1994-95 (New Delhi:1966); Japan—Ministry of Education, Science, and Culture (Monbusho), Monbusho Survey of Education (Tokyo: annual series); South Korea—Ministry of Education,
Statistical Yearbook of Education (Seoul:1998); Taiwan—Ministry of Education, Educational Statistics of the Republic of China: 1998 (Taipei:1998).



Appendix table 4. U.S. doctoral degrees in S&E fields earned by U.S.

and foreign citizens: 1986-97

. Other foreign Asian foreign
Year U.S. citizens
students students?
1986.....ccvieeieeieienae 13,022 4,276 2,139
1987, 12,966 4,455 2,473
1988......ccvieiieies 13,369 4,802 2,762
1989.....ciieiee 13,467 5,165 3,099
1990 14,166 4,386 4,315
1991, 14,624 4,156 5,239
1992, 14,558 4,390 5,725
1993, 14,929 4,569 5,943
1994 15,162 4,491 6,549
1995, .. 15,460 4,368 6,687
1996......ccieiieiieee, 15,621 4,757 6,852
1997 15,744 5,528 5,575

% Includes students from all Asian countries on either temporary or permanent visas.
SOURCE: National Science Foundation, Division of Science Resources Studies, Science
and Engineering Doctorate Awards: 1997, NSF 99-323 (Arlington, VA: 1999).

Append aple otal S&E doctoral degrees earned by Asia
ae om Aslan and e e 9 9
Asian universities U.S. universities
4,185 NA
4,663 NA
5,023 NA
5,211 NA
5,597 NA
5,871 991
6,249 1,031
6,544 1,168
6,901 1,339
7,409 1,531
7,846 1,761
8,077 1,889
8,545 2,218
9,584 2,511
10,035 2,872
10,196 3,999
10,789 4911
11,274 5,407
12,288 5,628
13,860 6,229
15,361 6,359
17,594 6,505
18,787 5,340

KEY: NA = not available
NOTES:  Asian universities include those in China, India, Japan, South Korea, and Taiwan.
Asian students in U.S. universities include those on either temporary or permanent
visas from these five countries.
SOURCES: China—National Center for Science and Technology for Development, unpublished
tabulations, 1997; India—Department of Science and Technology, Research and
Development Statistics 1994-95 (New Delhi:1996); Japan—Ministry of Education,
Science and Culture, Monbusho Survey of Education, (Tokyo: annual series);
South Korea—Ministry of Education, Statistical Yearbook of Education Seoul:1998);
Taiwan—Ministry of Education, Education Statistics of the Republic of China, 1998
(Taipei:1998); United States—National Science Foundation, Division of Science
Resources Studies, Science and Engineering Doctorate Awards: 1960-84; and
Science and Engineering Doctorate Awards: 1997 Advanced Release.
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Appendix table 6. Doctoral S&E degrees earned by Chinese Appendix table 7. Proportion of NS&E doctoral degrees

students within Chinese and U.S. universities: 1987-97 earned by foreign students in selected countries: 1995
Year Within U.S. universities With.in Chin ese Country For?iqn doctora recipi.ents.
universities Natural sciences Engineering
293 218 FranCe.......coeveeeseennnnes 29.1 34.2
480 797 Germany......cooeeveennn 7.9 15.8
620 1,024 Japan...........einn. 22.1 32.2
1,150 1,069 United Kingdom................. 28.5 49.1
1,793 1198 United States................... 40.5 57.9
2,045 1357  KEY: NS&E = Natural sciences and engineering
2,227 1,704 SOURCES: France—Ministere de I'Education Nationale de la Recherche et
2531 2,602 de la Technologie, Rappqrt sur les Etudes Doctorales (Paris:
1996); Germany—Statistisches Bundesamt, Prufungen an
2,752 3,230 Hochschulen (Wiesbaden); Japan— Ministry of Education,
2,952 4,428 Science, and Culture (Monbusho), Monbusho Survey of Education
2,223 5,328 (Tokyo: annual series); United Kingdom— Higher Education

Statistical Agency, unpublished tabulations; United States—
National Science Foundation, Division of Science Resources
Studies, Selected Data on Science and Engineering Doctorate
Awards 1995: NSF 96-303 (Arlington, VA: 1996).

SOURCES: National Science Foundation, Division of Science Resources Studies,
Science and Engineering Doctorate Awards : 1997, Advanced
Release; and China: National Research Center for Science and
Technology for Development, unpublished tabulations.

Appendix table 8. R&D performed in universities by region

Millions of constant (1992) U.S. dollars
\Western Europe North America Asia
12,642 9,382 NA
12,706 9,657 NA
12,769 10,073 NA
12,969 10,688 NA
13,151 11,266 NA
13,510 11,640 NA
15,032 11,822 6,412
15,350 12,010 6,837
15,729 12,415 7,159
16,223 13,161 7,330
17,012 14,245 7571
17,719 15,536 7,699
19,287 16,616 8,292
20,107 17,767 8,635
21,299 18,700 8,855
22,443 19,432 9,579
24,109 20,486 9,937
25,211 21,247 10,424
26,010 21,881 11,326
26,549 22,493 11,716
27,011 22,906 13,013
KEY: NA = not available
NOTES: North America includes Canada and United States; Asia includes China, India,

Japan, South Korea and Taiwan. Western Europe includes all Western
European countries. See appendix table 1.

SOURCES: Western Europe—Organization for Economic Co-operation and Development,
Main Science and Technology Indicators database, OECD/MSTI (Paris:1997);
Canada— OECD/MSTI; United States—National Science Foundation, Division
of Science Resources Studies, National Patterns of R&D Resources: 1998
(Arlington, VA: 1998); Asia—National Science Foundation, Division of Science
Resources Studies, Human Resources for Science and Technology: The Asian
Region, NSF 93-303.
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GRADUATE EpucaTioN REFORMS AND |NTERNATIONAL

MoBILITY OF SCIENTISTS AND ENGINEERS IN CHINA
Yugui Guo

HisTorRICAL SKETCH

China is a nation with a long history of an ancient
higher education system, and a shorter period with amore
modern one. Compared with the leading Western nations,
the process of development of Chinese graduate educa-
tion has been convoluted. Its modern stage can be traced
to 1902, when the Qing Dynasty government issued the
first officia regulations for amodern educational system,
which stipulated the establishment of a Grand School
(graduate school) above the existing undergraduate edu-
cation system. During the period 1911-34, the govern-
ment made numerous efforts to establish the academic
degree system, which finally came into being as a result
of these efforts in 1935. However, due to World War 11
and the Japanese intervention of 1937-45, the Regula
tions on Degree Conferment, aimed at improving educa
tion and science in China, were not fully implemented.
For the 14-year period between 1935-49, only baccalau-
reate degrees and 200 master’ s degrees were granted—
not asingle doctoral degree was awarded (B. Wu 1993).
The training of graduate students took place largely in
foreign countries.

After thefounding of the Peopl€e’ sRepublic of China
(PRC) in 1949, the communist government abolished the
academic degree system; it was not reestablished until
1981. During the period from 1949-65, before the Cul-
turd Revolution occurred in 1966, only about 20,900 stu-
dents graduated from the Soviet-pattern graduate schools
that had been established (Guo 1998). As the old aca
demic degree system had been abolished earlier, not one
of these students was actually granted a graduate de-
gree.

The Cultural Revolution led to a 12-year suspension
of graduate enrollment. This resulted in a grest loss to
higher education ingtitutions. When the Cultural Revolu-
tion ended in 1976, the number of full professors had de-
creased by 25 percent as compared with 1965, associate
professorsby 19 percent, and lecturers by 6 percent (MOE
1985). In the first years after graduate education was
resumed in 1978, the shortage of high-level scientific and
educational personnel and the low quality of teacherswas
evident everywhere in China. During the Cultural Revo-
[ution aone, China had logt 1.5 million specialists (Chen
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1992). It has been estimated that the Cultural Revolution
set China's socioeconomic and scientific development
back about 20 years (Min 1997).

Subsequently, Chinese |eaders became aware of the
correlation between high-level specialized personnd and
the redlization of their ambitious “Four Modernizations’
(of industry, agriculture, science and technology, and na-
tional defense). With the new national policiesfor reform,
as well as the opening up of the country to the outside
world in 1978, the Chinese government resumed gradu-
ate education in China and gave priority to its develop-
ment. Within a short period, Chinese graduate education
experienced notable development, which has attracted
internationd attention. In terms of enrollment and output,
between 1978-94, 460,000 graduate students had been
admitted—nearly 20 times the number (23,400) for the
17-year period between 1949 and the beginning of the
Cultural Revolutionin 1965 (Z. Wu 1995). Between 1978-
97, 430,000 graduate students (including 390,000 master’s
degree and 34,000 doctoral degree) had graduated, over
20 times the number (20,900) graduated prior to the Cul-
tural Revolution (Zhang 1998).

CURRENT SYSTEM

The existing higher education system in Chinabasi-
caly derived from the Soviet modd, and its pattern of
governance is still a prominent force in its impact on the
universities. In recent years, however, Chinese higher
education has been shifting from a rigid modd of state
control to a model of state supervision that is more in
accord with the transformation from a planned to a mar-
ket economy.

Before focusing on the administrative structure of
graduate education, two important features that are de-
rived from the Soviet model and that characterize Chi-
nese higher and graduate education need to be under-
stood.

* Within and Without Research Institutions.
Unlike undergraduate education, which is exclu-
svely carried out in ingtitutions of higher learn-
ing, graduate education in Chinais undertaken by



both ingtitutions of higher learning and research
indtitutes outside universities. This is due to the
traditional divison of teaching and research be-
tween universities and research institutes. Cur-
rently, these ingtitutions of graduate learning can
be divided into four categoriesin terms of type of
control and sources of funding.

— Thirty-six key comprehensive, polytechnic,
and normd ingtitutions are administered di-
rectly by the State Education Commission
(SEdC),} which is aso responsible for the
overal guidance of the higher and graduate
education system in China by formulating
policies, decrees, and plans. Many of them
are prestigious, pace-setting ingtitutions, with
broad scope in both undergraduate and gradu-
ate education.

— Over 400 specialized ingtitutions and research
ingtitutes are under the control of central min-
istrieslike the Ministry of Agriculture, Minis-
try of Public Hedlth, etc., and specidize in
training personne for their sponsoring minis-
tries, with emphasis on nationa needs.

— About 100 provincid-level ingtitutionsand re-
search ingtitutes are governed by provincial
educational commissions (or bureaus) and
commissions for science and technology.
Mogt haveardatively small number of gradu-
ate students.

— There are also 130-odd research institutes
and a few other ingtitutions of higher learn-
ing affiliated with the Chinese Academy of
Sciences (CAS) and the Chinese Academy
of Social Sciences (CASS); these are tradi-
tionally focused on basic research.

Tomaintain standardsin degree courses, only se-
lected universities and research ingtitutes have
been authorized to grant degrees. According to
1996 statistics, therewere atota of 1,054 institu-
tions of higher education in China (DFA 1996),
of which only 471 ingtitutions of higher education
and 315 research ingtitutes were authorized to

grant graduate degrees. The mgjority of these
were under the jurisdiction of the SEAC, the cen-
tral ministries, or the CAS/CASS.

» Division of Authority for Academic M atters.
American universities generaly operate under the
authority of state governments to grant accred-
ited degrees and enjoy substantial autonomy
(Johnstone 1993). In China, authority for gradu-
ateadmissions, training, management, and thefor-
mulation of degree standards is shared by two
date administrative organs—the SEdC and the
Academic Degrees Committee (ADC) under the
State Council>—operating in parald. Both have
their own corresponding vertical administrative
structures and exercise somewhat different re-
sponsibilities and authorities. Generally speaking,
the former has a more executive function, while
the latter has amore legidative function. A brief
description of their respective structuresand func-
tions follows.

ADMINISTRATION OF GRADUATE
EbucaTiON

China has a three-level graduate education admin-
istrative system, with the SEdC at the top; the education
commissions and bureaus of higher education under the
central ministries, provinces, and the CAS at the middle
level; and the training ingtitutions and research institutes
at the base.

* The SEdC exercises unified leadership over
graduate education in the country and is respon-
sible for macro-level guidance and administra:
tion.

* The middle-level administrative entities are re-
sponsiblefor administering graduate education in
the ingtitutions of higher learning under their re-
spective jurisdictions.

» At the micro-levd, the president/director, or one
of the vice presidentg/directors, of the university
or research ingtitute takes charge of the work of
graduate education. An administering body, such
as a graduate school, graduate department or di-

1Before 1985, thisinstitution was called the Ministry of Edu- 2The State Council in Chinaiscomparabletothe U.S. cabinet or
cation, and recently—in March 1998—it reverted back to thistitle. to acouncil of ministers.
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vision, or graduate section, can be set up to do
the daily administrative work in accordance with
the scope of graduate education and actua needs.

ADMINISTRATION OF ACADEMIC DEGREES

Similar and pardld to the administrative system of
graduate education, a three-tiered administrative struc-
ture has been gpplied in the management of academic
degrees: the ADC is at the top; the central ministries and
commissions, CAS/CASS, and provinces are at the
middle; and the degree-granting indtitutions (including both
universities and research ingtitutes) are at the bottom of
the system.

» The ADC was set up under the State Council in
December 1980 to supervise the conferring of
academic degrees al over the country. Its main
duties include formulating nationa guiding prin-
ciples and policies for academic degree work,
examining and approving graduate degree-grant-
ing universities and research ingtitutes, and certi-
fying disciplines and specidties as well as doc-
toral supervisors.

» Theministry- and provincia-level degree admin-
istrative agenciestake charge of the degree work
under their own jurisdictions. Their main respon-
shility isto coordinate work within the scope of
their own authority and to provide additiond fund-
ing for key and urgently needed degree programs.

» An academic degree evaluation committeeis es-
tablished in each degree-granting ingtitution as a
leading agency responsible for the quality of de-
gree work and granting of degrees.

By the middle of 1998, the ADC system had ac-
credited 633 ingtitutionsto confer master’ sdegreesin 8,248
disciplines and specidties, 229 ingtitutions to confer doc-
toral degreesin 2,292 disciplines and specidties, and more
than 10,000 doctora supervisors (Chisa 1998).3

Thus, the SEAC takes charge of developing the ba-
sics of graduate education, graduate teaching, and re-
search training, while the ADC has responsibility for

3In Chinese universitiesand researchinstitutes, only disciplines
(somewhat similar to disciplinary programs) and specialties of rela
tively high quality interms of teachers, research facilities, and reputa-
tion are authorized by the ADC system to offer graduate courses and
grant graduate degrees.
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checking and accepting the resulting “products’—the
graduate programs and graduates—in accordance with
ADC standards.

FINANCE

There are two magjor sources of funding for higher
education in China: state appropriations, the magjor source,
accounting for more than 80 percent of the totd; and in-
come generated by higher education ingtitutions and re-
search ingtitutes themselves, which has been increasing
in recent years. The dlocation for the 36 nationa univer-
sties administered by the SEAC and the specidized insti-
tutions and research institutes under the control of central
ministries and the CAS comes from the budget of the
Ministry of Finance. The local universities and research
ingtitutes receive funds mainly from provincid finance
departments.

There are other funding sources for graduate train-
ing and research activity. One fund alocation isfrom the
Ministry of Finance and is based on a head-count enroll-
ment. Another isfrom avariety of research foundations,
such asthe Chinese Nationa Science Foundation. A third
source is from contract projects.

Sincethe late 1970s, Chinahasincreased its aloca-
tion to higher education both in absolute terms and rela
tive to government expenditure and gross nationa prod-
uct (GNP). Tota public expenditureincreased 4.76 times,
from 111.10 billion yuan in 1978 to 528.74 hillion yuan in
1993; expenditure on higher education increased 10.0
times, from 1.50 hillion yuan to 15.05 billion yuan, during
the same time period (Min 1997). This reflects the high
priority given to higher education in the country’s mod-
ernization process.

DEGREE STRUCTURE

Asin America, the levels of academic degrees in
Chinaare connected to different phases of higher educa-
tion. There are three categories of official degrees:
bachelor’s degrees, master’s degrees, and doctoral de-
grees.

BACHELOR’ s DEGREE

Precollege education in China consists of 12 years.
By taking nationa entrance examinations, senior high
school graduates are enrolled for their college studies.



The average length of an undergraduate program is 4
years, with 5-year programs offered in a number of spe-

cidties in science universities. Medical universities pro-

vide 5- or 6-year undergraduate programs. Students who
complete all requirements of the curriculum receive a
bachelor’s degree.

GRADUATE-LEVEL DEGREES

Chind sgraduate education hastwo officia levels—
the master’s degree and the doctoral degree. At each
academic level, two kinds of people are trained to meet
the country’s different needs. academic personnel and
applied science personnel. There are full-time and part-
time graduate programs, the latter require from 1 to 3
years of additiona study.

The Master’s Degree. By passing graduate en-
trance examinations, those who hold bachelor’ s degrees
or equivaent academic qualifications can pursue 2- or 3-
year master’ s programs.* Master’ sdegrees are conferred
upon those who have passed certain prescribed courses,
including written examinations; written and defended
orally athesis presenting origina views on a designated
research theme; have a firm grasp of basic theories and
systematic knowledge of the relevant field; exhibit good
command of aforeign language; and are able to conduct
scientific research or specialized technical work indepen-
dently.

In recent years, in addition to this regular path of
earning a master’s degree, five other alternative chan-
nels have been developed, mainly for employed profes-
sionals and self-study applicants (ADC and SEAC 1995,
Qin 1994).

The Doctoral Degree. By passing entrance ex-
aminations, those who hold amaster’ s degree or equiva-
lent academic qualifications can pursue 3- to 4-year doc-
toral programs. In addition, asmall number of outstanding
newly graduated bachelor’s degree-holders can directly
enter doctoral programs upon special recommendation.
To receive a doctorate, students must pass written ex-
aminationsin prescribed courses (usualy including politi-
cal theory, two foreign languages, and two to three spe-
cialized subjects) and conduct an oral defense of adis-
sertation. Thismust be accompanied by qualified records
demongtrating that the student has a firm and compre-

4Usually thelength for engineering and science programsis 2 to
2.5 years, while that for social science and humanities programsis 3
years.

hensive grasp of basic theories, systematic and profound
knowledgein the branch of learning concerned, good com-
mand of two foreign languages, the ability to undertake
scientific research independently, and the capacity to turn
out creative achievements in science or specialized tech-

nology.

Aswith the master’ s degree, thereis an aternative
way for employed professionals to obtain a doctoral de-
gree. This route is similar to the Japanese Ronbun
hakase—earning a doctoral degree by submitting a dis-
sertation without enrolling a a university. Matriculation
and coursework are not necessary; submission of thedis-
sertation suffices for the degree.

Interms of administrative structure and degree struc-
ture, the current Chinese degree system is something of a
hybrid of the old Soviet system and the American system,
combined with eements indigenous to China itsdf. Its
adminigtrative structure is more like the Soviet model,
while its degree structure resembles that common in
America.

ExpaNsioN oF GRADUATE EDUCATION

Sinceitsresumption in Chinain 1978, graduate edu-
cation has experienced a development that merits par-
ticular attention because it is not only unprecedented in
Chinain terms of its speed and scale, but also rare in the
history of graduate education internationaly. According
to available statistics, China spent 17 yearsincreasing its
graduate enrollment from 10,900 to 128,000 during the
1978-94 period; concurrently, America, Britain, Japan, and
the former Soviet Union respectively spent 20, 29, 34,
and 31 years reaching the same or similar developmental
scalein their respective histories (Z. Wu 1995).

Figure 1 shows a number of significant fluctuations
in Chinese graduate admissions. The admission decrease
in graduate students from 1978-80 was related to the re-
sumption of 4-year undergraduate education in Chinain
1977, following its suspension for 11 years. Before 1981,
the main source of digible applicants was from among
those who had been admitted into 4-year undergraduate
programs prior to the Cultural Revolution. Asagreat num-
ber of these students had matriculated in 1978-79, the
number of qudified applicantsin 1980 remained limited.

Between 1981-85, graduate education in China ex-
perienced a very rapid expansion due to a number of
socia, economic, educationa, and scientific and techno-
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Figure 1. Graduate recruitment in China, 1978-94
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SOURCE: Academic Degrees and Graduate Education, 71 (6): 17, 1996. Academic Degrees and Graduate Education, 72 (1): 51, 1997.

logical factors. These changes occurred during a period
when the Chinese government extended its new policy of
reform and of opening its doors to the outside world be-
yond the economy and into many domains of society. The
reflection of thisfirst reform wave was clearly evident in
the expansion of graduate education.

The total number of admitted graduate students in
1981 was 9,363—2.6 times as many asin 1980. Thisin-
crease in admissions was due to two primary reasons.
first, the establishment and implementation of the aca
demic degree system in 1981 encouraged and attracted
more people to pursue graduate studies; second, the first
4-year undergraduate program students who had entered
collegein 1977 graduated in 1981, thus adding to the pool
of dligible and qudified graduate candidates.

Another big jump in graduate admissions occurred
in 1984 and 1985. In 1985, 46,871 studentswererecruited,
twice as many as in 1984. In turn, the accepted total in
1984 was 23,181, or 1.5 times as many as in 1983. This
rapid growth was driven by landmark reforms in the
economy, science and technology, and education:
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* In 1984, amgor reform document modifying the

Chinese economic system was adopted—the
“Resolution of the CPC [Communist Party of
China) on the Reform of the Economic Struc-
ture,” whose central argument was that the
economy isactivated only by relying on scientific
and technological progress. Needless to say, a
mammoth force of high-level specidized person-
nel would be needed to fulfill this task.

The Nationa Science Conference was held in
March 1985, which advocated the promotion of
strong linkages between research and teaching
and led to the establishment of a new science
fund—the National Fund of Natural Sciences—
for which researchers in both universities and
research institutes of the national academies are
eligible to apply and with award decisions based
on peer review. Thisreform legaly and, to acer-
tain degree, financialy guaranteed higher educa-
tion indtitutions a new role in research.



* In May 1985, the document “Decision on the
Reform of the Education System” was approved
by the CPC at the National Education Confer-
ence. Among the many policy changes set out in
this document, the following two are of special
importance concerning the devel opment of gradu-
ate education: firgt, ingtitutionswere to be alowed
to admit additional students on the basis of con-
tracts with enterprises and other employers, and
aso to enroll fee-paying students; second, the
credit system and double-degree studies were to
be introduced.

» Starting in 1981, the World Bank undertook a 5
year program under which it would offer aloan
of US$200 million, together with US$95 miillion
from the Chinese government, to “ strengthen sci-
ence and engineering programs in 28 key higher
education ingtitutions by increasing graduate and
undergraduate enrollments, improving the quality
of graduate and undergraduate education and the
ability to do university based research.” Thispro-
gram played a significant role in improving the
conditions and quality of both teaching and re-
search and, especially, in expanding graduate en-
rollment in that period, for these key universities
enrolled a large share of Chind's graduate stu-
dents.

With gtrategic priority being given to education and
research and relatively more financia investment coming
in from the government and the World Bank in this pe-
riod, approximately 379 new ingtitutions of higher educa
tion were created between 1980-86—from 675 to 1,054,
undergraduate student enrollment increased from
1,140,000 to 1,880,000. Graduate enrollment increased
more than fivefold during the same period, rising from
21,600 to 110,371 (IAP and CRC 1991, DFA 1994).

With little experience in conducting graduate edu-
cation, the Chinese government was confronted with a
number of issues after 8 years of rapid development (1978-
85). The phase between 1986-91 was characterized by
frequent readjustment and various reformsin policies con-
cerning the developmental scale and quality of Chinese
graduate education. The total enrollment of 120,191 in
1987 transcended the capacity and resources available.
Starting in 1986, following the SEAC's new directive on
stabilizing scale, graduate admissions were gradualy re-
duced to 35,645 in 1988, with a further large decline in
graduate admissions in 1989, when only 28,569 were ac-
cepted—20 percent lessthan in 1988. Thisadmission sta-

bilization policy was continued by the SEAC in the subse-
quent 2 years. The reasons for the decline in graduate
recruitment were complex. According to World Bank re-
search findings, students changing career goa patterns
(more and more students wanted to go abroad or into
joint ventures), the economic retrenchment policies of
1988, and the aftermath of the June 1989 events all had
negative effects on graduate recruitment (IAP and CRC
1991).

DistriBUTION AcRoss GRADUATE

DEGREE LEVELS

In generd, the distribution of levels of graduate de-
greesin anation is determined and affected by a variety
of societal factors. An ideal distribution of graduate de-
grees—theratio between doctoral and master’ sdegrees—
should remain in accordance with the leve of the country’s
nationa economic, scientific, and cultural development;
population density; degree of universal schooling; and
developmenta status of its national education system. The
appropriate ratio between these two degrees varies from
nation to nation and from time to time. Some countries
deliberately plan their ratio; others let market demand
driveit.

In China, the government sets an annua ratio be-
tween doctoral and master’s degree enrollment. During
the 14-year period from 1982-95, Chinagranted only 22,162
doctora degrees, which is not commensurate with the
country’s vast population and the demands of rapid eco-
nomic development. During this period, the number of
doctoral degrees accounted for avery small share of the
total graduate degrees awarded (table 1); the average
ratio between master's and doctoral degrees over the
period is about 14:1.

The rapid national economic development and the
competition and challenge of science and technology in
the 21st century call for high-level scientific and technical
personnel. It isimperative that China pay more attention
to doctora education in the future. In view of China's
current situation and future development, the ratio be-
tween master’ s and doctoral degrees should be raised to
around 5:1 for atime. Such aratio would seem reason-
able given the existing circumstancesin Ching, i.e.:

* In 1994, only 2.2 percent of full-time teachersin
regular higher education ingtitutions in China had
earned doctor’s degrees (Guo 1998).
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Table 1. Doctoral and master's degrees awarded

and their ratio, 1982-94

Year Master's Doctorate Ratio
1981...........| 8,665 0 0
1982...........] 5773 13 444.0:1
1983...........] 3,548 19 187.0:1
1984...........] 7,798 91 85.7:1
1985...........] 12,618 234 53.9:1
1986...........] 14,938 307 48.7:1
1987...........] 20,831 622 33.5:1
1988...........] 36,501 1,682 21.7:1
1989...........] 35,442 1,904 18.6:1
1990...........] 32,557 2,127 15.3:1
1991...........] 30,675 2,556 12.0:1
1992...........] 25,276 2,540 10.0:1
1993..........] 24,129 2,114 11.4:1
1994...........] 26,166 3,590 731
199%5...........| 28,098 4,363 6.4:1

SOURCE: Academic Degrees and Graduate Education, 71 (6): 73,

1996. Academic Degrees and Graduate Education,
72 (1): 51, 1997.

The former vice minister of the SEAC pointed
out that as early as 1993 China had about 1 mil-
lion senior specialized personnel; 80 percent of
them will be retired by the year 2000, and the
vacancies left by them will require a younger
generation with advanced degrees.

Due to the Cultura Revolution, China lost 1.5
million specidists. This resulted in an “inverse
peak” inthe 40- to 50-year rangein the age struc-
ture of thefaculty of higher education ingtitutions.
Thosein their 40s are the smallest group, consti-
tuting only 14 percent of faculty members (Guo
1998).

The rapid national economic development and
competition and challenge of science and tech-
nology inthe 21st century will doubtlessrequirea
mammoth force of high-level scientific and tech-
nical personnel.

In China s ambitious development plan of higher
education, a number of universities are to be
transformed into world-class universties in the
next century. One important feature of world-
class universities is that they annually grant a
large number of doctorate degrees and that the
percentage of their faculty members with doc-
toratesisvery high—in some universities, ashigh
as 100 percent. This can be clearly seeninare-

cent issue of Asiaweek (1997) which, based on
its own evauation, ranks Asia s top 50 univers-
ties. One important lesson from the ranking is
that the relatively low percentage of faculty mem-
bers with graduate degrees holds Chinese uni-
versities back.

Given these circumstances, it is imperative to pay
more attention to doctoral education in the future. Ac-
cording to the Chinese devel opment plan of graduate edu-
cation, intheyear 2000, graduate enrollment will be around
200,000. If 70,000 of these students graduate annualy,
given aratio of 5:1 between master’s and doctoral de-
grees, only about 14,000 will be doctorate recipients. In
view of the current Chinese situation and the country’s
future development—as well as in comparison with the
United States, where the corresponding ratio between
annual master’s and doctora degreesisaround 3:1—this
number of doctoral degrees is far from what is really
needed. China, aware of this situation, has aready begun
a“sdf-reliant” effort to generate doctoral degreesat home
since the early 1990s.

FELD DistriIBUTION OF GRADUATE

EbucaTtioN

The current disciplinary distribution of graduate edu-
cation in China is basicaly a reflection of the existing
base, including graduate supervisors academic special-
tiesand expertise (Z. Wu 1997). One of itsdeficienciesis
an asymmetry in mgor fields of study, primarily charac-
terized by two features (tables 2 and 3). Fir<t, the propor-
tion of traditional and basic disciplines such as history,
literature, natural science, engineering, and medicine is
too large—combined, these fields account for 82.2 per-
cent and 78.9 percent of all doctoral and master’ s degree
programs, respectively. Moreover, the master’ s and doc-
toral degrees awarded in these mgjor fields of study from
1981-95 account for as much as 82.7 percent and 88.1
percent, respectively, of degree awards. Second, the pro-
portion of newly emerging and applied disciplines, such
as economics and law, which are badly needed in amar-
ket economy is too small—combined, these account for
only 7.3 percent and 8.8 percent, respectively, of total
doctorate and master’ s degree programs. Between 1981
and 1995, degree awards in these fields accounted for
only 9.3 percent and 5.9 percent, respectively, of al
master’s and doctoral degrees awarded. This structure
of mgor fieds of sudy is aimed to serve the centrally
planned economy; it by no means can respond to the grow-
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ing demands for various types of high-level speciaized
personnel from a market economy. Thus, the Chinese
government should strive to readjust the structure of ma-
jor fields of study in its graduate education so as to de-
velop a structure that is both internally coherent as well
as externally responsive to labor market changes in the
trangtion from a planned economy to a market economy.

Table 2. Percent distribution of graduate programs by

field of study, 1995

Master's
Doctorate degree

Field granting | Percent . Percent

programs granting

programs
Total....oocovererieienne, 2,398 | 100.0 8,467 | 100.0
Philosophy............ 41 1.7 170 2.0
Economics............ 109 45 374 4.4
LaW..ovveveverieriiiennnd 67 2.8 374 4.4
Education.............. 40 1.7 214 25
Literature.............. 115 4.8 599 7.1
HIStory....cvveveiines 75 3.1 224 2.7
Sciences......o.... 465 19.4 1345 | 15.9
Enagineering........... 863 36.0 2,906 | 34.3
Aariculture............. 161 6.7 598 7.1
Medicine...............| 454| 18.9 1571 | 18.9
—Military science..... 8l 03 2 11

SOURCE: Academic Degrees and Graduate Education, 72 (1): 50, 1997.

FUuTURE TRENDS IN GRADUATE
Expansion: 1995-2020

Graduate enrollment is affected primarily by the
growth rate of both the national economy and the rel-
evant age cohort. In China, to a great extent, it is also
affected by public policy determinations to either set en-
rollment quotas to restrict growth or to let enrollment be
driven by demand. The projection hereismainly based on
the first two factors: the growth rate of the economy and
the relevant age group.

The demand for high-level educated personnel de-
pends to a large extent on how fast the economy grows.
According to the newly issued long-term development
target for the year 2010, the Chinese government’ starget
for gross domestic produce (GDP) in 2000 isto quadruple
that of 1980, and for GDP in 2010 to double that of 2000.
Thisrequires an average annual growth rate of 8 percent
between 1995 and 2000, and of over 7 percent between
2000 and 2010.

Given the momentum of China’'s economic growth
rate in the period between 1978 and 1994, it isredigticto
expect GDP to continue to grow at an average annual
rate of 7to 9 percent in real termsover the next 25 years.

Table 3. Percent distribution of master’s and doctoral degrees awarded by field of study (1981-95)

Number and Percent] Total | Philosophy ] Economics| Law | Education | Literature | History | Sciences | Engineering | Agriculture | Medicine 22'2:1
Master's degree........ 313,006 5,681 17,731 | 11,701 5166 | 15914 6,669 | 60,527 141,119 13,115 | 34,690 693
percent.................. 100.0 1.8 5.6 3.7 1.7 5.1 2.1 19.3 45.1 4.2 11.1 0.2
1981 8,665 178 163 56 21 530 209 2,387 3,949 198 974 0
1985, 12,618 207 575 336 158 648 390 3,204 5,188 834 1,708 0
Percent......cocccccennee. 100.0 1.6 4.6 2.7 1.3 5.1 3.1 254 41.1 6.6 8.5 0.0
1986.....cooverriieinn] 14,938 260 654 607 133 611 316 3,104 6,609 798 1,846 0
1990...c. i) 32,557 686 1,850 | 1,165 585 1,374 793 6,157 14,396 1,406 4,093 52
Percent.................. 100.0 2.1 5.7 3.6 1.8 4.2 2.4 18.9 44.2 4.3 12.6 0.2
1994, 26,166 418 2,024 1,321 517 1,477 437 4,592 11,672 884 2,689 135
1995 ... 28,098 384 2,207 | 1,390 547 1,484 499 4,653 13,174 903 2,723 134
Percent......coocoooue 100.0 14 7.8 5.0 2.0 5.3 1.8 16.6 46.9 3.2 9.7 0.5
Doctorate degree...... 22,162 345 891 428 211 523 503 6,192 8,725 773 3,560 0
Percent.......coccoooeu. 100.0 1.6 4.0 1.9 1.0 2.4 2.3 27.9 394 3.5 16.1 0.0
13 0 0 0 0 0 0 12 1 0 0 0

234 5 0 0 0 6 10 94 87 0 32 0

100.0 2.1 0.0 0.0 0.0 2.6 4.3 40.2 37.2 0.0 13.6 0.0

307 7 3 1 1 10 7 119 122 2 35 0

2,127 29 137 34 16 45 36 590 828 88 324 0

100.0 1.4 6.4 1.6 0.8 2.1 1.7 27.7 38.9 4.1 15.2 0.0

3,590 53 170 98 43 92 68 918 1,389 125 634 0

4,364 60 198 102 52 116 76 1,191 1,659 182 728 0

Percent 100.0 14 4.5 2.3 1.2 2.7 17 27.3 38.0 4.2 16.7 0.0

SOURCE: Academic Degrees and Graduate Education,

72 (1): 51, 1997. Academic Degrees and Graduate Education, 71 (6): 73, 1997.
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Table4 provides estimates per capita GDP based on three
scenarios of average annual GDP growth rate: (1) dow
growth at 7 percent, (2) medium growth at 8 percent, and
(3) fast growth at 9 percent. According to these projec-
tions, China s per capita GDP would be US$600 to US$700
by 2000, US$1,100 to US$1,600 by 2010, and US$2,100
to US$3,500 by 2020.°

of age. The size of the 25- to 29-year-old age cohort is
projected to fluctuate between 90 million at the lowest
point in 2010 and 115 million at the highest in 2015, and
then to go down to 99 miillion in 2020.

Table 4. Expansion trends of graduate education, 1994-2020 (in constant 1994 yuan)

Rate of Growth 1994 2000 2010 2020
GDP per capita in yuan
Slow arowth (r=7%)........cccevrerinenn) 3,800 5,400 9,900 18,300
Medium arowth (r=8%)..........c..cce.v... 3,800 5,700 11,500 23,300
Fast arowth (r=9%).......cccceceeenenes 3,800 6,000 13,300 29.600
In dollars (8. 5 Yuan=$1)
Slow arowth (r=7%)........ccccceervveennend 447 630 1,200 2,200
Medium arowth (r=8%).................... 447 670 1,300 2,700
Fast growth (r=9%)........cccceveiinee. 447 710 1,600 3,500
Enrollment ratio (%)
=7, 6% 0.11 0.15 0.43 0.81
129 800, 0.11 0.19 0.64 147
Enrollment (thousand students)
T=7. 6% 128 186 387 805
=9 8%, i 128 224 571 1455
Countryincome level oo Low Becoming lower-middle Lower-middle Becoming upper-middle
NOTE:  The numbers are rounded.

SOURCE: The World Bank Report No.15573-CHA, pp. 61-62 and pp. 148-151. China Statistical Yearbook 1995, China Statistical Publishing House,

1995, p 62.

The population for graduate education in China is
herereferred to asthe 25- to 29-year-old age cohort. The
reason for choosing this age group is mainly that the av-
erage age of all recipients of master’s degrees awarded
between 1991 and 1994 is 27.5 years (table 5). Given the
current system of Chinese graduate education, the time
span for master’s degree studies is between 2.5 and 3
years. That means that when they entered graduate
school, students were around 25 years old. Though the
average age of doctoral degree recipients for this period
is 31, the real average time span for doctoral studiesin
Chinais about 3.5 years (ADC and SEJC 1995), which
means these students entered doctora programs at the
age of 27.5.

The population of 25- to 29-year-olds in China is
projected by the World Bank to decline gradually from
1994 to around 2005, when the generation born after the
implementation of China's 1979 one-child policy comes

5The World Bank’s definition of country income level is as
follows: low-income countries are those with a per capita GNP of
US$695 or less, lower middle-income countries are those with a per
capita GNP between US$696 and US$2,784, and upper middle-in-
come countries are those with a per capita GNP between US$2,784
and US$8,626 (World Bank 1995).
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Table 5. Average age of doctoral and master’s

degrees awarded through full-time studies, 1991-94
(number of persons)

Year Doctoral degree Master's degree
Total | Average age| Total | Average age
1991......... 2,519 31 29112 27
1992......... 2,503 31| 23572 27
1993......... 2,082 31| 23,029 28
1994........ 3523 32| 24780 28

SOURCE: Data of Academic Degrees and Graduate Education
Statistics to 1991-1994, China Archives Press, 1995.

Projected graduate enrollment is based on two dif-
ferent enrollment growth rates (table 4):

» Gradual Growth. If graduate enrollment follows
the historical average annua undergraduate en-
rollment growth rate of 7.6 percent up to 2020,
China would reach an enrollment ratio of 0.15
percent of the 25- to 29-year-old age cohort by
2000, 0.43 percent by 2010, and 0.81 percent by
2020. Thisgrowth rate lags behind historicd GDP
growth rates, but keeps pace with undergraduate
enrolIment—if the latter maintainsits established



growth rate over the next 25 years. If both un-
dergraduate and graduate enrollments grow at
the samerate of 7.6 percent in the next 25 years,
the ratio between them will be at the 1994 level:
100:4.57.

» Fast Growth. If graduate enrollment growth is
to catch up with the historical average annual
GDP growth rate of 9.8 percent, the enrollment
ratio would reach 0.19 percent by 2000, 0.64 per-
cent in 2010, and 1.47 percent in 2020. Although
total enrollment by 2020 would be 1,455,000, the
enrollment ratio would still only be 1.47. How-
ever, this enrollment could be considered enor-
mous because, if 25 to 30 percent of the students
graduate annually (the magjority of graduate stu-
dentsin Chinastudy full time, soitisentirely pos-
sblefor them to complete their sudieswithin the
prescribed 3-year time span), the number of
graduate degrees awarded would be about
400,000. This is similar in scale to the United
States—which has the largest graduate system
in the world—where advanced degrees awarded
annually number about 300,000 master’ sdegrees,
35,000 Ph.D. degrees; and 70,000 first profes-
sional degrees (e.g., M.D., EdA.D., JD., etc.).

Beyond the two principal factors discussed above—
growth rate of the national economy and population of
the relevant age cohort—are two other considerations.

ProJection oF GDP

To edtimate the public resources available in the fu-
ture, three scenariosare projected of average annual GDP
growth rates between 1995 and 2020 at 7 percent, 8 per-
cent, and 9 percent. The reason for choosing these aver-
age annual growth ratesisthat 7 and 8 percent fall within
the Chinese government’s own target, and 9 percent is
closeto the historical growth rate of 9.8 percent between
1978-94. Projected GDP formsthe basisfor projection of
the Chinese government’ s expenditure on higher educa
tion.

ProJecTtioN oF GOVERNMENT
ExPENDITURE ON HIGHER EDUCATION

The projection of government expenditure on higher
education assumes that future government expenditure
remains at 12.9 percent of GDP (the ratio in 1994), and

that the government expenditure on higher education is
about 2.6 percent of total government spending (the ratio
of 1992). The reason for choosing the 1992 ratio instead
of the 1994 ratio is that the government expenditure on
higher education in 1994 increased considerably over pre-
vious years, this level might conflict with the overal ob-
jective of deficit reduction. The projection is based on a
pessimistic assumption that the future growth of revenue
remains unchanged and that the future growth of public
spending on higher education will be constrained by the
need to reduce the consolidated government deficit. Us-
ing these ratios for projection, total government expendi-
ture on higher education would increase from about Y 19
to 79 hillion (in constant 1994 rates), if the GDP grows at
7 percent per year between 1994 and 2020; it would grow
to Y100 billion if the GDP grows at 8 percent, and to
Y 128 hillion if the GDP grows at 9 percent (World Bank
1996).

OVERSEAS STUDY AND | NTERNATIONAL
MOBILITY OF SCIENTISTS AND
ENGINEERS

OVERSEAS StuDY

The Chinese government’s decision to send thou-
sands of studentsfor overseas study represents a histori-
ca continuity rather than aradical departure in modern
Chind s culturd policy. For over a century, with the sole
exception of the period from 1967-74, Chinese students
have been studying abroad, frequently in large numbers.
The roles played by the generations of returned Chinese
students educated abroad in socia, economic, scientific,
and politica modernization in general, and educational
modernization in particular, have been important histori-
cdly. Infact, themodern higher education systemin China
isadirect result of China s contact with the outside world,
both West and East, brought back by returned foreign-
trained students. In contrast to earlier periods, today’s
oversess student situation has three striking features.

Firg isits vast scale and scope. During the period
1978-98, about 300,000 students—50 times as much as
the figure (11,900) for the 28-year period 1950-77—went
to more than 100 countries and areas for overseas study;
the United States was the mgor host country (China
Spectrum 1998). More than half of these students were
enrolled in American universities. Table 6 clearly shows
the dramaticadly increasing enrollment and ratio of Chi-
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nese students among tota foreign students in American
universitiesfrom 1980-96: enrollment increased 14.3 times
from 2,770 to 39,613, while the proportion rose from 0.9
percent to 8.7 percent. In comparison, the total number
of foreign students in the United States increased from
311,880 to 453,787, or only 45.5 percent, in the same pe-
riod. Therefore, students from China became by far the
fastest growing community on American campuses. Al-
though Chinese students have, during recent years, been
the second largest foreign student population after Japa:
nese students, during the period 1989-94, they took the
lead in total foreign student enrollment in the United States.
The relative decline of Chinese student enrollment after
1994 was affected by the situation in China, where the
second reform tide after 1992 led to more opportunitiesin
both the job market and graduate studies at home. As a
result, the wave of overseas students slowed to some
extent in recent years.

Table 6. Foreign students enrolled in American

universities, 1980-81 to 1995-96

Total foreign students Cguntry of origin
China | Japan

1980-81

Number.............. 311,880¢ 2,770 13,500

Percent............... 100.0 0.9 43
1985-86

Number.............. 343,780 13,980 13,360

Percent............ 100.0 41 3.9
1989-90

Number.............. 386,850, 33,390 29,840

Percent............... 100.0 8.6 7.7
1990-91

Number............. 407,530 39,600 36,610

Percent........ 100.0 9.7 9.0
1991-92

Number............. 419,590, 42,940 40,700

Percent............... 100.0 10.0 9.7
1992-93

Number.............. 438,620 45,130 42,840

Percent.............. 100.0 10.0 9.8
993-94

Number.............. 449,704 44,381 43,770

Percent.......... 100.0 9.9 9.7
1994-95

Number.............. 452,635 39,403 45,276

Percent............... 100.0 8.7 10.0
995-96

Number.............. 453,787} 39,613 45,531

Percent......... 100.0 8.7 10.0

SOURCE: U.S. Department of Education, Digest of Education

Statistics 1996 and 1997, p. 450 and p. 456.

The second characteristic of the current situation is
its advanced educationa level. The mgority of Chinese
students go abroad for graduate rather than undergradu-
ate studies. For example, among those Chinese students
who were enrolled in American universities in the 1995
96 academic year, graduate students accounted for more
than 80 percent (NSB 1998). Graduate training, espe-
cidly at the doctoral level, is associated with research.
The datain figure 2 show that, from 1988-95, American
universities granted Chinese students 14,705 doctoral de-
grees; of these, 92.5 percent (13,598) were in science
and engineering (S&E) fields. Many Chinese graduates
continued their research activities as postdoctora students
after earning their Ph.D.s.

The third issue concerning overseas study is the
serious problem of “brain drain”: at least half of Chinese
students are extending their stays or trying to seek per-
manent residency in foreign countries. According to in-
complete statistics from the Chinese Embassy in the United
States, in the past 20 years, about 160,000 Chinese stu-
dents came to the United States to study; by 1998, only
30,000 of them had returned home. According to data
from the U.S. National Science Foundation for the period
1990-96, the percentages of foreign S& E doctoral recipi-
ents planning to remain in the United States increased.
Over 68 percent planned to locate in the United States,
and nearly 44 percent had firm offers to do so. The data
in table 7 show that, in 1990, 41 percent of over 1,000
Chinese S& E doctoral recipientsin U.S. universities had
firm plansto remain in the United States. By 1996, about
56 percent of the nearly 3,000 Chinese S& E doctoral re-
cipientsfrom U.S. universitieshad firm planstoremainin
the United States. The underlying cause for this shift is
the large number of Chinese students granted permanent
residence status in the United States in 1992 following
China s response to student demonstrations (NSB 1998).

Beyond clearly political factors, the reasons behind
the rapidly growing number of nonreturning Chinese stu-
dentsinclude the relatively poor working and living condi-
tions in China. This whole phenomenon of overseas stu-
dents who do not return has severely damaged domestic
teaching, research, and research and devel opment. Given
the scarcity of human resources in the country and its
ambitious economic development program, such a large
outflow of high-level specialized personnel represents a
severe brain drain problem for China (Cao 1996).

The Chinese government has made efforts to re-
duce brain drain in the past 20 years. These efforts have
varied over time. In generd, before the mid-1980s, the
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Figure 2. Chinese S&E Ph.D. degrees recipients from U.S. universities, by major field, 1988-95
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SOURCE: National Science Foundation, Division of Science Resources Studies (SRS), Survey of Earned Doctorates, 1998.

Table 7. Chinese Ph.D. recipients from U.S.

All fields
Total Ph.D.] Plantostayin | Firm plans to stay
Year recipients U.S. inU.S.

Number ] Number| Percent | Number| Percent

1990.......... 1,225 725  59.2 502 41.0
1991......... 1919 1,523 79.4 920 47.9
1992.......... 2,238 1,980 88.5] 1,080 48.3
1993.......... 2,416 2,134 88.3] 1,077 44.6
199%......... 2,772) 2,548 919 1223 44.1
1995.......... 2979 2,744 92.1] 1341 45.0
1996.......... 3.201] 2,896 90.5] 1,788 55.9

SOURCE: National Science Board, Science and Engineering
Indicators 1998, (NSB 98-1), pp. A-89-A90, Arlington,
VA, 1998.

policies on study abroad were considered “fairly libera”

by foreign experts (Altbach 1991). For example, in 1984,
the State Council announced: “All Chinese citizens who
are ableto securefinancia support inforeign currency or
foreign scholarships through proper means and who have
gained admission to foreign educationa ingtitutions can
apply for undergraduate or graduate studies at their own
expense regardless of former education, age, or length of
employment” (Du 1992). After the mid-1980s, the Chi-

nese government became conscious of the fact that over
95 percent of the students sponsored by the government
did not show any sign of coming back (Zhao 1996). Asa
result, the state gradualy limited the number of govern-
ment-sponsored students and set more and more rulesto
restrict their numbers.

Two important rules aimed to reduce the ratio of
those going abroad and those not returning. According to
the first rule, a bachelor’s degree-holder had to work in
China for at least 5 years, and a master’s or doctoral
degree-holder for at least 2 years, before going abroad.
Sincethe mgjority of Chinese studentswere seeking their
permanent residency in the United States, the second rule
was set to reduce the ratio of emigration. The Chinese
government planned to send the mgjority of students to
countries that were capable of accepting more, but that
had taken few so far. Of the government-sponsored stu-
dents, about 20 percent would be sent to the United States,
50 percent to Europe, 20 percent to Audtralia, and 10
percent to Japan (Reed 1988).6 After the June 4 event in
1989, dueto some restrictions, the number of going abroad
was further reduced. However, this picture has begun to
change since 1992, when more relaxed and libera poli-
cies on oversess study were formulated.

5The real intention of the Chinese government was to send
more students to European countries whose immigration laws are
very strict.
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INTERNATIONAL MOBILITY OF SCIENTISTS

AND ENGINEERS

In 1996, the Chinese government strategy started to
shift from concentrating on the return of overseas Chi-
nese students and professionals, as well as blocking the
outflow of scholars and students, to tolerating their mi-
gration, optimizing their contributions, and improving the
home environment (Cao 1996). A new policy of support-
ing study abroad, encouraging return and free movement
in and out of the country was introduced in 1992; and the
government made aclear connection between supporting
study abroad and the nation’s sStrategic development in
the next century. This new policy represents the most
relaxed policy on study abroad in China since 1978. To
some degree, this has encouraged China s high-level spe-
cidized personnd tojoinintheinternationa scientific com-
munity, generating grester internationa mobility of scien-
tists and engineers in and out of China. This is demon-
strated in severd ways, including the following.

Reform in Over seas Study Policies. In 1996, the
State Overseas Study Foundation was established to se-
lect and sponsor qualified scholars nationwide for over-
seas study. Mogt of them are visiting scholars, and the
length of stay is usudly 1 year. Each candidate has to
sign a contract with the foundation, along with a guaran-
tor. If the candidate fails to return on schedule, the guar-
antor has to help the foundation get the candidate to re-
turn or pay fines stipulated in the contract. In 1998 aone,
1,709 scholars were sel ected and sponsored for overseas
study. The data show that the return ratio of those spon-
sored by the foundation since 1996 is 85.7 percent. All
those who remained have paid off thefines (Chisa 1998).

New Policieson Attracting Students. Since 1992,
many educational and research institutions and organiza-
tions in China have formed career delegations that have
visited the United States, Britain, Germany, Japan, and
other devel oped countriesto recruit overseas Chinese stu-
dents and professionals. Since then, an increasing num-
ber of Chinese students and professionals are going back
to Chinafor either long-term work assignments or short-
term academic and businessvisits. For example, between
1993-94, more than 10,000 overseas Chinese studentsand
scholars made such visits. In 1994, 65 Ph.D.sreturned to
China from France done.

Many ingtitutions in China have taken measures to
improve the home environment in attemptsto attract over-
seas Chinese students and professionals. The Chinese
Academy of Sciences is seeking an extra Y2 billion

(US$240 million) a year for recruiting 600 bright young
researchersfrom overseasin 1998 to 2000 (Nature 1998).
The Ministry of Education announced in August 1998 that
it would establish a specid professorship system. Within
the next 3 to 5 years, 300 to 500 outstanding young re-
searchers would be selected from both home and abroad
and granted the rank of specially appointed professors by
key Chinese universties (Chisa 1998).

Many loca governmentsin China aso have estab-
lished specia policies to attract overseas Chinese stu-
dents. In Shanghai alone, according to a recent report,
16,000 students have returned as of August 1998. In ad-
dition, severa thousand overseas Chinese scholars have
arranged business visits with the municipal government,
and 557 have registered and opened businesses. Mot of
these represent high-tech companiesand consulting firms
(Chisa 1998).

With their newly acquired knowledge and expertise,
these returned students and scholars have been playing
key rolesin China’s higher education, scientific research,
and production management. For example, of the 36 in-
stitutions of higher learning directly administered by the
SEdC, more than half were headed by returned scholars.
In many universities, over 80 percent of the academic
leaders and chairpersons have some overseas experience.

Acceptance of Foreign Students for Study in
China. From 1978-97, more than 258,000 foreign stu-
dents came from over 160 countries and regionsto China
for study at different levels, including baccalaureate,
master’s, and doctora programs as well as short-term
programs. In 1997 aone, over 43,000 foreign students—
35.8 times as many asthe number (1,200) in 1978—were
studying in China. Of the 4,569 foreign students spon-
sored by the Chinese government in 1997, 4.9 percent
were enrolled in doctoral programs, 14.5 percent in
master’ s degree programs, and 33 percent in bachelor’s
degree programs. In addition, in the same year, 39,035
were self-financed, of which 2 percent were pursuing
doctoral degrees, 4.6 percent master’s degrees, 28 per-
cent bachelor’s degrees, and 0.3 percent short-term di-
plomas (Chisa 1998).

In addition to the foreign students studying in China,
there are also more students from overseas regions of
Hong Kong, Macao, and Taiwan coming to study in main-
land China. During the 10-year period 1988-97, 403 stu-
dents from these three regions were enrolled in Chinese
universities. Most were graduate students (Chisa 1998).
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International Exchange Activities. From 1979
96, according to incomplete statistics, the cumulative num-
ber of foreign scientists and engineersinvited for various
types of visits by China reached 570,000. In 1997 aone,
more than 80,000 foreign experts and scholars were work-
ing in China (Chinanews 1998). In 1996, about 7,000
Chinese teachers and experts working in various fields
were sent abroad to teach or give short-term lectures.
During the period 1978-97, the number of Chinese schol-
ars going abroad to attend international conferences and
the number of foreign participants coming to China to
atend international conferences hosted by Chinese insti-
tutions both exceeded 11,000 (Liu 1998).

Jointly Run Institutions. In addition to these in-
ternational exchanges, some forms of international coop-
eration also took shape. An example of inter-institutional
collaboration is the Nanjing-Johns Hopkins Center for
Chinese and American Studies. Opened inthefall of 1986,
it isjointly run by Nanjing University of China and Johns
Hopkins University of the United States. The center of-
fersatwo-semester graduate-level curriculum in culture,
economics, palitics, foreign palicy, internaiona relations
and law, modern history, and U.S.-China relations. The
American students make up half of thetotal student body;
Chinese students make up the other half. The author’s
personal experiencein meeting American graduatesfrom
this center has been that they demonstrate substantial
expertise on Chinese affairs and make contributions to
the promotion of mutua understanding and friendship be-
tween China and America

As early as 1993, some top Chinese universities,
such as Beijing University, Shangha Jaotong University,
and Nanjing University, started to offer 3-year Chinese
master of business administration programs for Manda
rin-speaking managers; these were offered first in
Singapore and then in Maaysia Xiamen University be-
gan offering a 6-year degree correspondence course in
Chinese language and literature in Singapore in 1994 in
collaboration with locd inditutions. This is the first time
Chinese universities have offered Chinese degreesto in-
dividuals outside the country (Meng 1994).

CONCLUSION

It has been 20 years since graduate education was
resumed in Chinaiin 1978. During this period, while Chi-
nese graduate education has experienced remarkable
development, many deficiencies remain in acourse char-
acterized by uneven development. Graduate education
was resumed in a planned economy context and is being
developed inatrangtion period toward amarket economy.
Thus, Chinese graduate education inevitably bearsthedua
imprints of the two periods. The current Chinese gradu-
ate education system is somewhat of a hybrid of the So-
viet system and the American system, but it is tending to
move toward the later. One of the main challenges faced
by the Chinese government is to keep an appropriate
growth rate for graduate education in accordance with
future economic development and to readjust the disci-
plinary structure to meet the needs of atransition froman
extensive-type (labor-type) economic growth to an inten-
sive-type (knowledge-type) economic growth.

Chinese policies on overseas study have not been
entirely successful. Although the situation in China has
been improving, there are still many Chinese students and
scholars going and remaining abroad. In recent years,
China has started to participate in the internationa scien-
tific community, but the scaleis il limited in comparison
to some other countries and regions. Of the many factors
affecting the movement of overseas students and schol-
ars, economics aways plays a critical role. South Korea
and Taiwan had a smilar problem of brain drain before
the mid-1980s. However, when their per capita GNP
reached about US$4,000, their overseas students and
scholars started to flow back home. Currently, China has
aper capita GNP of nearly US$700. If the country con-
tinues to reform its economic structure, relying on scien-
tific and technologica progressin its trandtion to a mar-
ket economy, the demand for speciaized personnd will
be high. Considering China's specia circumstances, it
seems likely that, when it has a per capita GNP of
US$2,500 to US$H3,000, Chinawill turn braindrainto brain
gain and benefit from the reverse flow of overseas Chi-
nese students and scholars.
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GRADUATE EpucaTioN REFORMS AND |NTERNATIONAL

MoBILITY OF SCIENTISTS AND ENGINEERS IN HONG KONG
Yugui Guo

Asof July 1, 1997, Hong Kong ceased to be acolony
of the United Kingdom and became a special administra-
tive region (SAR) of the Peopl€' s Republic of Chinaun-
der a“one country-two systems’ arrangement. Accord-
ing to this arrangement, Hong Kong has been promised
sdlf-rule; it has aso been promised that its higher educa
tion system can retain its unique characteristics rather
than having to dign with the mainland Chinese system.
This paper explores higher education issuesin Hong Kong.

GENERAL REVIEW

Hong Kong has been a Chinese territory since an-
cient times, except for the period 1842-1997 when it was
aBritish colony. Situated at the southeastern tip of China,
Hong Kong has a total land mass of only 1,092 square
kilometers. Though it ranks 90th in terms of population,
Hong Kong is the world's 8th largest trading economy.
Its 6.3 million inhabitants (97 percent Chinese) enjoy the
second highest living standard in Asia

Higher education in Hong Kong has existed for more
than 80 years. The oldest current ingtitution isthe Univer-
sty of Hong Kong (HKU) which was founded in 1911.
As the governors were not always interested in making
decisions on Hong Kong education (Ip 1998), it was not
until 1963 that a second university, Chinese University of
Hong Kong (CUHK), was established. However, asHong
Kong industry and commerce moved from low-skilled,
low-wage production toward more sophisticated markets
and outputs, employers needed a better educated

workforce; they aso needed more people educated at
the highest level. The pressure for wider accessto higher
education was met in part by expanding existing institu-
tions and in part by founding new ones. At present, there
areeight ingtitutions of higher education that receive funds
from the University Grants Committee (UGC):

* HKU,

* CUHK,

» City University of Hong Kong (CityU),

* Hong Kong Baptist University (HKBU),

* Lingan College (LC),

» Hong Kong Polytechnic University (PolyU),

* Hong Kong University of Science and Technol-
ogy (HKUST), and

» Hong Kong Ingtitute of Education (HKIEd).

Theseingtitutionsfulfill different rolesin accordance
with their sze, tradition, and level; thisinformation issum-
marized (with some smplification) in table 1.

CityU and PolyU, until recently polytechnics, em-
phasi ze the gpplication of knowledge and vocationd train-
ing. HKBU and LC stem from a libera arts tradition,
which regards breadth of education asimportant. CUHK,

Table 1. Current roles of UGC institutions

- ) Graduate Professional lLinks with

Institution Sub-degree work |First degree work Research industry or
degrees schools .

community
CityU and PolvU..........., substantial substantial some some areas some stronq
HKBU.....oovvrreiereienis predominant some some areas strona
LCorneerceene predominant minimal some areas strong

CUHK and HKU............. substantial substantial all areas many high level

HKUST ... - substantial substantial  |all relevant areas some high level
HKIE i, substantial strong

KEY: (-) indicates not applicable.

SOURCES: University Grants Committee (UGC), Higher Education in Hong Kong, Hong Kong, 1996; and UGC, Roles and Operations,

Hong Kong, 1998.
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HKU, and HKUST have mgjor professiona schools and
substantial research programs. CUHK and HKU arefull-
scale universities, and both have medical schools. HKIEd,
which joined the UGC July 1, 1996, currently offers pre-
dominantly subdegree programs (similar to the U.S. as-
sociate degree) of teacher education and continuing pro-
fessiona education so asto serveteachersand help main-
tain strong links with both schools and the teaching pro-
fession.

L EVELS AND QUALIFICATIONS OF

HiGHER EDUCATION

Hong Kong' s children arerequired to remain in school
until the age of 15 or the end of secondary 3,* whichever
is earlier. They thus all receive a minimum of about 3
years of secondary education. After secondary 3, some
children drop out of forma education, while others join
craft and technician courses, but about 91 percent choose
to stay at school for a further 2 years. They take cur-
riculaleading to the Hong Kong Certificate of Education
Examination (HKCEE). Some of the learning opportuni-
ties after the HK CEE liewithin Hong Kong' sbroad struc-
ture of higher education. These include 2- to 3-year
subdegree courses, usualy vocationa in nature; and 3-
year courses of teacher education.

At present, 38 percent of children remain in school
after secondary 5 (HKCEE) and take 2-year sixth form
courses leading to the Hong Kong Advanced Level Ex-
amination (HKALE). Students with appropriate grades
in the HKALE may then enter 3-year diploma or first
degree courses or 2-year courses of teacher education.
To enter afull-time undergraduate program, astudent must
meet generd educational qudifications, usualy including
proficiency in English and Chinese; and have passed the
HKALE at least once. For science, technology, and medi-
cal programs, there are also specific HKALE or HKCEE
subject requirements; similar requirements are less com-
mon in the arts and social sciences.

In genera, afull-time undergraduate course lasts 3
years. Some courses are of 2 years duration because
they build on an earlier qudification such asadiplomain
the same subject area. Additionally, students may be ad-
mitted to the second year of a 3-year course if they pos-

In Hong Kong, compulsory education lasts for 9 years. Pri-
mary schooling beginsat the age of 6 and lastsfor 6 years, and second-
ary junior schools offer a 3-year course in a broad range of academic
subjects.

sess “advanced standing” by virtue of previous study or
experience. On the other hand, some undergraduate
courses are extended to 4 years because they contain
oneor more periods of professiona experience. Examples
include the courses in language education and the bach-
elor of science degree in speech and hearing sciences at
HKU.

Those gaining first degrees or equivaent qualifica
tions may subsequently be admitted to taught higher de-
grees or may undertake research for a master’s degree
or doctorate.? Full-time postgraduate courses leading to
master’ sdegrees or doctorates arerestricted to the UGC
ingtitutions, but part-time provison is more widespread.
Some non-UGC indtitutions offer part-time programslead-
ing to postgraduate diplomas, certificates, or degrees.
Postgraduate certificate and diplomacourses usudly take
1 year of full-timestudy or 1to 2 yearspart time. Master’s
courses take 1 to 2 years full time or 2 to 3 years part
time. The purposes of taught postgraduate courses are
diverse. The diplomaand certificate in education courses
run by HKBU, CUHK, HKU, and HKIEd qualify suc-
cessful participants to teach in secondary schools. The
postgraduate certificatein law offered by CityU and HKU
enables successful students to enter the legal profession
asstudent barristersor solicitor trainees. Other postgradu-
ate courses take specidist knowledge in aparticular field
beyond that acquired in undergraduate courses. an ex-
ampleisthe M.A. degree in arbitration and dispute reso-
[ution offered at CityU.

Taught postgraduate courses are the principal means
by which higher education ingtitutions can respond swiftly
to changing situations and the changing needs of both stu-
dents and society. The various UGC ingtitutions choose
different ways to organize their taught courses and dif-
ferent nomenclature to describe them. For example,
HKU'’s nine faculties offer about 60 taught postgraduate
courses under specific degrees such asthe master of sci-
encein urban planning or advanced diplomain orthodon-
tics. CUHK has 35 graduate divisions which offer 15
master of arts, science, or socia science courses and 2
diplomaprograms. HKUST hasabout 14 taught postgradu-

2In both the United Kingdom and Hong Kong, postgraduate
education falls into two categories. The first category is programs
based mainly on systematically taught courses that characteristically
lead to a master of arts or master of science degree. These programs
have only coursework, with no research or thesis requirements. The
second type of program leads to amaster of philosophy or doctor of
philosophy (Ph.D.) degree. Thesedegreesarelargely awarded on pro-
duction of athesis or dissertation through research training (Henkel
and Kogan 1993, p. 72).
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ate courses, including some interdisciplinary ones, under
fairly generd titles. CityU’s four faculties have some
courses with specific titles. PolyU’s taught graduate
courses, mostly part time and on a credit accumulation
basis, are offered by individual departments. there are
about 50 in al, but many are based on amodular scheme
incorporating common units, HKBU has a small nhumber
of courses of recent origin. In al, there are about 170
taught postgraduate courses available, with atypical class
size of 10 to 20 full-time-equivaent students.

Many of the taught master’s degrees can be ex-
tended to amaster’ s of philosophy (M.Phil.) by theincor-
poration or addition of a substantial piece of research and
presentation of a thesis; the M.Phil. is well-regarded in
Hong Kong. The additiona work is usualy expected to
take from a few months to a year. Other M.Phil. pro-
grams stand aone or are structured as the preliminary
stages of aPh.D. degree. The Ph.D. supposedly takes 3
to 4 years full time (the UGC has recommended support
for up to 4 years), or about 5 to 6 years part time. Ap-
proximately 60 percent of students pursuing an advanced
research degree take the M.Phil.; 40 percent take the
Ph.D.

In an endeavor to reduce the costs of preliminary
training for Ph.D. research, the science faculties in the
ingtitutions have recently introduced a scheme for joint
courses. In some scientific and technologica areas, be-
cause of the need for speciaized and expensive equip-
ment, work for an M.Phil. or Ph.D., dthough origind,
forms part of ateam effort on aparticular research topic.
In other areas—most usualy in the arts and socia sci-
ences—the research student works alone. Until quite re-
cently, motivation for research in many Hong Kong uni-
versities was low. These attitudes have changed very
markedly in the last few years. Thus, athough research
students have an important role to play in the conduct of
research in some disciplines, it is difficult to pursue re-
search degrees without an existing academic staff with
both the motivation and means to search for new knowl-
edge.

(GGOVERNANCE AND FINANCE

Following United Kingdom tradition, universities in
Hong Kong are permitted to operate with a high degree
of autonomy. Individua ingtitutions determine their own
policies for recruitment of staff and students, for the na-
ture and length of courses, and for the balance between
subject disciplines (Bray 1992).
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However, the government does exercise some in-
fluence through its contral of finance. The most influen-
tial body on higher education in Hong Kong is the UGC,
which was founded in 1965 on the model of the UK body
of the same name. Its main roleis*to advise government
on the funding of new ingditutions and the upgrading of
existing ones, on major subject developmentsto meet com-
munity needs, on employment matters, and many other
subjects relevant to tertiary education in Hong Kong”
(UGC 1996, p. 9). In 1972, the committee was renamed
the University and Polytechnic Grants Committee
(UPGC), to reflect the inclusion of the then-titled Hong
Kong Polytechnic within its purview. Following the adop-
tion of universty titles by the two polytechnics and the
Hong Kong Baptist College, the committee reverted to its
origind title—i.e., UGC—in 1994.

UGC members are appointed by the chief execu-
tive of the SAR (before July 1, 1997, by the governor),
and aredl prominent in their fields. The membership com-
prises eminent academicians, businessmen, and ad-
ministrators. No government officer sits on the commit-
tee, but its secretariat is staffed by civil servants. The
nationalities of its members reflect the sources of influ-
ence from abroad. In 1998, the committee included nine
local Hong Kong Chinese, four British, three American
(one aprofessor of Hong Kong Chinese origin), and two
Australian members. The remaining three members are
from the Netherlands, Singapore, and mainland China
(UGC 1998).

As chancellor, the chief executive of the SAR (be-
fore July 1, 1997, the governor) is the nominal head of al
UGC-funded ingtitutions. The executive head of each is
its vice chancellor, who is assisted by pro-vice chancel-
lors. The senate oversees the academic affairs of a uni-
vergty. Each university is subdivided into faculties and
departments.

The UGC is an administrative device to ensure that
ingtitutions of higher learning can be adequately financed
without misuse of large sums of money while maintaining
autonomy (Mak and Postiglione 1997). The key word in
the title is “grants.” The UGC recommends a triennia
block grant for each indtitution. Its funding methodology
is based upon two mgjor activities: the quantity of teach-
ing, primarily related to number of students; and the quan-
tity of research, largely determined by the number of aca-
demic staff. Although there is much discussion between
the UGC and the ingtitutions based upon academic and
other plans and opportunities, and much discussion be-
tween the government and the UGC about available fi-



nance and community needs, once the block grant is
settled, each ingdtitution has very wide latitude as to its
use.

In the 1997-98 academic year, the Hong Kong gov-
ernment spent 1.23 percent of its gross domestic product
on UGC ingtitutions. Thetotal amount of approved grants
for these inditutions was HK$13,218 million (including
recurrent grants of HK$11,808 million and capital grants
of HK$1,410 million), accounting for 5.4 percent of total
public expenditures and 27.2 percent of total public ex-
penditures on education (UGC 1998).

Studentsin UGC ingtitutions are heavily subsidized.
In 1987, the government announced plans to reduce the
subsidy, but projected that by 1993-94 feeswould till cover
only 12 percent of the total real cost. Thiswasrevised in
1991, but the new projection is still only 18 percent by
1997-98. Moreover, the government aso runs a grants
and loans scheme to ensure that no one will be deprived
of the opportunity for higher education because of finan-
cia difficulties (Cheng 1995). The scheme seems to
achievethis objective, and the high salaries for graduates
make it easy for the mgjority of students to repay their
loans.

ExrPaANSION AND LEVEL STRUCTURE

In the 1980s, the growing demand for amore highly
qualified workforce and the loss of graduates through
emigration resulted in the Hong Kong government’ s adop-
tion of an ambitioustertiary education development policy.
The expansion of this sector was first announced by the
governor in 1988. It was revised in 1989 to set an even
more ambitious pace of development, with the aim of dou-
bling the number of first-year first-degree (FY FD) places

from 7,000 in 1990 to 15,000 in 1995. By then, 6 out of 10
sixth form completerswould be ableto participate in some
form of higher education in Hong Kong. Thiswould be 18
percent of the age group, compared with around 8 per-
cent in 1990 (Sensicle 1992).

The expansion of FY FD places and the consequent
growth in total undergraduate numbersare shownin table
2. From 1991-92 to 1997-98, FY FD places increased by
37.2 percent—from 10,665 to 14,632—and undergradu-
ate enrollment rose by 56.9 percent—from 29,199 to
45,823. Due partly to the undergraduate expansion, post-
graduate enrollment witnessed a corresponding expan-
sion (table 2 and figure 1). During the same period, total
postgraduate enrollment more than doubled, risng from
4,279 to 9,010. Of this, taught postgraduate enrollment
increased by 86.4 percent—from 2,931 to 5,465—and
research postgraduate enrollment rose by 163 percent—
from 1,348 to 3,545.

If the government had very clear views on desir-
able undergraduate numbers, the issues were more com-
plex and sometimes conflicting regarding postgraduate
development. Hong Kong has been, in fact, remarkably
reluctant to become involved in research. Until quite re-
cently, there had only been alimited “research culture” in
Hong Kong's higher education ingtitutions (in 1994-95,
only 50 percent of the academic staff themselves held
doctorates). Partly because the recent major expansion
of the system has led to the recruitment of many new
staff members from outside Hong Kong, and partly due
to the government’ s financial encouragement—including
the 1991 establishment of the Research Grants Council
as a support mechanism—that situation is changing. Re-
search activity has recently grown very markedly and so
has the number of postgraduate students. Table 3 shows
this expansion: from 1991-92 to 1997-98, postgraduate

Table 2. Student enroliment of UCG-funded programs, 1991-92 to 1997-98

Number of full-time equivalent
a 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97 | 1997-98°
students enrolled
TOtAl e 47,480 51,190 54,574 57,935 62,014 69,022 69,723
SUbAEQree. ..o 14,001 12,332 10,214 9,370, 9,436 14,540 14,890
Undergraduate...........ceeererieencenns 29,199 33,351 38,150 41,782 44,701 45,965 45,823
Taught postgraduate.................... 2,931 3,565 3,904 4,236 4,924 5,163 5,465
Research postgraduate®............... 1,348 1,943 2,306 2,547, 2,953 3,353 3,545
First-year first-degree places......... 10,665 12,090 12,726 14,253 15,070 14,779 14,632

2 Enrollment figures include blister students and nonlocal students.

® The Hong Kong Institute of Education came under the aegis of the UGC as of July 1, 1996.

¢ Research postgraduate figures refer to student enrollment numbers counted within UGC target.
SOURCE: University Grants Committee (UGC), Higher Education in Hong Kong, Hong Kong, 1998.
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Figure 1. Postgraduate enrollment in UGC institutions, 1991-92 to 1997-98
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SOURCE: University Grants Committee (UGC), Higher Education in Hong Kong, Hong Kong, 1998.

education output increased by 139.6 percent (graduates
of taught postgraduates and research postgraduates in-
creased by 98 percent and 485.5 percent, respectively).

DiSTRIBUTION OF ENROLLMENT BY
Broabp FIELD

The expansion of the UGC component of the higher
education system did not occur uniformly across disci-
plines. Rather, it has largely reflected economic develop-
ment and the shift of theindustrial structurein Hong Kong.
Asthe economy shifted from relying on entrepot tradein
the 1950s to manufacturing in the 1960s and 1970s, skilled
and semiskilled labor of more diverse sorts were in de-
mand. With competition from neighboring newly industri-

alized countries, Hong Kong had to shift from labor-in-
tengveto technology-intensiveindustries; thisin turn meant
that Hong Kong would have to function as a service cen-
ter rather than a manufacturing center and that its man-
power needs would be changing accordingly.

In 1993, Hong Kong had aworkforce of 2.8 million.
Of this, 28 percent were engaged in wholesale, retail,
import and export trades, and restaurants and hotels; 11.2
percent in transport, storage, and communications ser-
vices, 9.4 percent in financing, insurance, rea estate, and
business services; 20.2 percent in community, socia, and
persona services, and 21.1 percent in manufacturing. The
Hong Kong Stati stics Department reported that the share
of the labor force employed by the manufacturing sector
had declined from 47 percent in 1971 to 41.2 percent in

Table 3. Graduates of postgraduate education in UGC institutions, 1991-92 to 1997-98

Level 1991-92 1992-93 1993-94 1994-95 1995-96 1996-972 1997-98
TOtAl v 2,372 2,599 3,183 3519 4,109 4,568 5,684
Taught postgraduate........... 2,117 2,274 2,668 2,924 3,386 3,694 4,191
Research postgraduate....... 255 325 515 595 723 874 1493

2 The Hong Kong Institute of Education (HKIEd) came under the aegis of the University Grants Committee (UGC) as of July 1, 1996.

b Graduate numbers for the academic year 1997-98 are projected.

SOURCE: University Grants Committee (UGC), Higher Education in Hong Kong, Hong Kong, 1998.
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1981 and 28.2 percent in 1991 (Cheng 1995). It isobvious
that education has become an increasingly important as-
set for alabor force that seeks to improve its remunera-
tion and opportunities in the expanding service industries.

Table 4 demonstrates corresponding trendsin disci-
plinary development. From 1993-94 to 1997-98, enroll-
ment in engineering and the sciences declined from 26
percent to 20 percent and from 19 percent to 16 percent,
respectively; enrollment in business and education in-
creased from 22 to 25 percent and from 4 to 8 percent,
respectively; enrollment in medicine and the socid sci-
ences remain essentially stagnant.

Thelargest field in higher education in 1997-98 was
business studies, which accounted for aquarter of all ter-
tiary enrollment in Hong Kong (figure 2). Engineering and
the sciences are aso important (accounting for 20 per-
cent and 16 percent, respectively); with the arts and hu-
manities marginaly behind (14 percent). The social sci-
ences and education follow (11 percent and 8 percent);
together with medicine (6 percent), these occupy smaller,
but important, niches.

Asfar asthe disciplinary structure of postgraduate
enrollment is concerned, the UGC report of 1996 pro-
vides a dightly different picture. Business studies (par-
ticularly toward an MBA) and education accounted for
about aquarter each of taught postgraduate students. The
next largest disciplines were engineering and the socia
sciences, afew taught postgraduates were in the sciences
or humanities. Two-thirds of research students were in
scientific or technological aress.

Figure 2. Distribution of enrollment by broad

disciplines in UGC institutions, 1997-98
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SOURCE: University Grants Committee (UGC), Higher Education in
Hong Kong, Hong Kong, 1998.

In 1994-95, funding for new research projects
through the Research Grants Council (RGC) was
HK$245.6 million, as compared with HK$217.7 million
through the UGC. Of RGC grants, 32 percent were
awarded in engineering; 26 percent in biological science
and medicine; 19 percent in physical science; and 23 per-
cent in socia science, business studies, and the humani-
ties. The disciplinary structure of higher and graduate
education to agreat extent matchesthe current economic
structure in Hong Kong, in its dual role as a leading me-
tropolis and business hub of South China and as a re-
giond and internationa financia and service center.

Table 4. Student enrollment by broad disciplines, 1993-94 to 1997-98

Discipline 1993-94 1994-95 1995-96 1996-97 2 1997-98 °
Headcount (total enrollment).............. 70,241 72,154 75,557 85,550 86,202
Percentages
Medicine, dentistry and health....... 6 6 6| 6 6
SCIBNCES....ceieeeeeieerereeeireieieinenas 19 20 18 16 16
Engineering and technology.......... 26 24 22 20 20
Business and management........... 22 22 27 25 25
Social SCIENCES........cvvvvvrerrerriiennes 12 11 12 1 1
Arts and humanities.........c.c.cooceeeeee 1 12 11 14 14
Education..........ccooovvnniririnnnns 4 5 4 8 8

# The Hong Kong Institute of Education (HKIEd) came under the aegis of the University Grants Committee (UGC) as of July 1, 1996.

® Graduate numbers for the academic year 1997-98 are projected.

SOURCE: University Grants Committee (UGC), Higher Education in Hong Kong, Hong Kong, 1998.



OVERSEAS STUDY AND | NTERNATIONAL
MOBILITY OF SCIENTISTS AND
ENGINEERS

OVERSEAS StuDY

In 1992, owing to long-standing restrictions on higher
education in Hong Kong, large numbers of students went
oversess, generdly for three magor reasons: limited edu-
cational opportunities in tertiary education, job discrimi-
nation against graduates of local ingtitutions, and political
uncertainty. Since World War 11, there have been three
waves of student migration. The first wave was from the
late 1940s to the late 1960s; this saw students leave pri-
marily because of discrimination at home. In general, stu-
dents from mainland China universities, Hong Kong pri-
vate colleges, and even from CUHK did not have equal
opportunity in the job market in Hong Kong as compared
to graduates from HKU. Thus they went “overseas for
further studiesin order to obtain qualifications recognized
within the British Commonwesalth or to seek opportunities
elsewhere” (Wu 1992, pp. 47-48).

The second wave was caused by the student and
nationalist movements of the 1960s, which culminated in
the riots of 1967, and by the growth of wealth within the
territory. The main push to leave Hong Kong during this
phase came from both increasing affluence and political
uncertainty caused by the events within China. The stu-
dentswho |eft were primarily from relatively wealthy fami-
lies. Unlike their predecessors who left to pursue gradu-
ate studies, most of these second-wave students were in
pursuit of undergraduate studies.

In thethird wave, stimulated by politica uncertainty
due to the impending transfer of sovereignty to Chinain
1997, overseas education combined with the migration of
entire families to create amgjor outflow of population to
North America, Britain, and Australia. The mgjority went
for university studies, but many went for secondary edu-
cation as well.

Because the Hong Kong government guarded
againg rapid expansion of higher education before the
1980s, the supply of university placeswasvery limited. In
the mid-1970s, the proportion of those in the 17- to 20-
year-old age group who had accessto FY FD places never
exceeded 2.5 percent (Mak and Postiglione 1997). Al-
though the higher education sector expanded dramatically
later, competition to enter higher education remained in-

tense throughout the 1980s. In the middle of the decade,
less than 3 percent of the age group in Hong Kong was
able to study in local universities, afigure that compared
unfavorably with 5 percent in Singapore and 10 percent
in the United Kingdom (Bray 1992). Aslate as 1994, only
three ingtitutions in Hong Kong enjoyed university status.
Because of the intense competition, many people were
forced to study abroad; in the mid-1980s, Hong Kong had
as many students abroad as at home. Table 5 shows that
the number of students leaving in the peak year of 1990
amounted to morethan haf of the 41,301 studentsin UGC-
funded ingtitutions in 1990-91. Their intake of first-year
students in the same year was 8,575. Unfortunately, just
asuniversitiesin Hong Kong had achieved a respectable
international standard, middle-class parentswere sending
their children abroad because they wanted to provide them
the option of remaining overseas in preparation for 1997
(Cheng 1995).

In 1994-95, 56,000 undergraduate students were
enrolled in Hong Kong universities, and 28,000 were in
oversess universities, resulting in aratio of 1:0.5. At the
postgraduate level, the numbers were, respectively, 7,000
and 12,000, for aratio of 1:1.7. Of the estimated 40,000
Hong Kong studentsin higher education who were studying
outside the territory, about 70 percent were undergradu-
ates. Almost al of these took full-time courses.

There are only limited data available regarding sub-
ject breakdown for these students. In the United States,
35 percent took business studies and 16 percent engi-
neering. In the United Kingdom, the proportions were,
respectively, 35 and 13 percent. In Augtrdia, half of dl
Hong Kong students were taking business studies, and
only 9 percent were in engineering (UGC 1996).

The relative popularity of the host countries has
changed somewhat (seetable5). Traditiondly, the United
Kingdom received the most students from Hong Kong.
In recent years, the United States has taken over. For
example, in 1994-95, the United States had about 13,000
Hong Kong studentsin higher educetion;? the United King-
dom, 10,000; Austrdia, 9,000; and Canada, about 6,500.
Numbers for other places of study, such as mainland
China and Taiwan, were smdller, but may amount to an-
other 2,000 in al (UGC 1996). Extensive oversess study
isadrain on the economy, but helps make Hong Kong an
international society.

*Between 1986 and 1995, American universities awarded 952
doctoral degreesto Hong Kong students (NSB 1998, p. 2-31).
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Table 5. Number of Hong Kong students leaving for

overseas study, 1988-91

Year United Canada ””ited Australia ] Total
States Kingdom
Total.......... 20,776 19,126 17,172| 16,673 73,747
1988...... 4,215 3,808 3,856 3,147 15,026
1989...... 4,855 5,096 4,539 4,678] 19,168
1990...... 5,840 5,681 4,349 5,258] 21,128
1991...... 5,866 4541 4428 3,590) 18425

SOURCE: Cheng, Joseph Y.S. Higher Education in Hong Kong-The
Approach to 1997 and the China Factor. Higher Education
30(3): 257-71, 1995.

In addition to studying abroad, students haveincreas-
ingly had the opportunity of gaining accessto higher edu-
cation through courses offered by overseasinstitutions of
higher education in Hong Kong. The territory has aways
imported some education in response to demand for sub-
jects related to service industries such as hotel manage-
ment, business administration, accounting, international
trade, and financial management. As recently as 1993, it
was estimated that the demand for these and similar
courses largely exceeded local supply; government pro-
jections forecast a continuing shortfall in 2001 (Chan and
Drover 1997). Overseasingdtitutions are beginning to com-
pete with local ingtitutions for students in an expanding
array of courses to help meet this need. This new trend
toward the globdlization of educational ingtitutions may
well make this the hub of its educational exchange with
the rest of the world. The influx of oversess ingtitutions
may reflect a trend of educational ingtitutions going in
search of international students instead of internationa
students coming to them.

INTERNATIONAL MOBILITY

The rapid increase in the development of higher
education in Hong Kong made the government redize
that continued reliance on an overseas organization was
no longer appropriate and that it would be desirable to
cons der the establishment of aHong Kong system. Large
numbers of students were still going abroad, but this ten-
dency was likely to become less pronounced when more
loca opportunities became available in the 1990s. After
1994, the number of Sudentsat local universties surpassed
that going overseas (Postiglione 1998). There hasbeen a
reverse movement in recent years. Consulates-general
of Western countries in Hong Kong have reported a de-
cline in the numbers of emigration visas granted. For ex-
ample, theU.S. consulate-generd indicated that only 13,142
people were granted emigration visasin 1993, down from

14,882 in 1992 and 18,880 in 1991. There are also Signs
that an increasing number of people who had emigrated
are returning to Hong Kong. The Hong Kong govern-
ment estimated in 1995 that at least 12 percent of the
people who had emigrated in the 10 years prior to 1992
had returned to Hong Kong (Cheng 1995).

Besides bringing its own students back home, Hong
Kong is beginning to compete with established univers-
ties abroad in attracting overseas students. The numbers
are at present small, but they are growing, particularly at
the postgraduate level. Chan and Drover (1997) identi-
fied three reasonsfor moving in that direction. Firstisthe
extent that newly created wealth has enabled Hong Kong
to develop university quality equivaent to other devel-
oped economies of the world. Second, this policy recog-
nizes the value of diversifying the Hong Kong student
body and welcoming students from other cultures to en-
hance the intellectual and research environment for stu-
dents who cannot study abroad. Third, faced with poten-
tid “braindrain” intheform of increased competition from
recognized universities and newly emerging private uni-
vergities, al of which are using increasingly sophiticated
marketing strategies to attract arapidly expanding cohort
of university aspirants whose families are able to fund
their education, the best defense is for Hong Kong to
take the offense by internationdizing its own student body.

Theinternational character of Hong Kong' suniver-
sties is underscored by the composition of its academic
staff. In the past, chiefly because of shortages of quali-
fied local applicants, Hong Kong ingtitutions of higher
learning employed a significant number of expatriates.
The percentage has been reduced, but it remains promi-
nent. Thisinternationa influencein higher education con-
tinues, as shown in the country of origin of faculty. For
example, in 1993-94, 33 percent of dl faculty in nine ter-
tiary ingtitutions were registered as nonlocals. Compa
rable figures by ingtitution show different degrees of in-
ternationdization (Mak and Postiglione 1997):

* HKUST—D55 percent,

* HKU—b51 percent,

* the Academy of Performing Arts—51 percent,
* CUHK—37 percent,

e L C—30 percent,

» CityU—28 percent,
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* HKBU—22 percent,
* Open Learning Institute—22 percent, and
* PolyU—18 percent.

Despite the transfer of sovereignty, the academic
profession in Hong Kong has maintained its staff, includ-
ing a high proportion of internationa faculty. In fact, the
1997 transfer actually attracted many top-notch academ-
ics to Hong Kong, some of whom stayed longer than
planned.

The meaning of “international” has changed some-
what. While it still refers mostly to expatriates from En-
glish-spesking countries like Britain, the United States,
and Austraia, an increase has been registered among
Chinese from the Peopl€’'s Republic of China, Chinese
from Taiwan, and Chinese dready living in Hong Kong
who hold valid passports to the latter two areas. Due to
the large number of overseas appointees, the academic
qudifications of faculty have been rising: about 90 per-
cent of all doctorates of Hong Kong faculty were earned
oversess, usudly in Audtralia, Canada, the United King-
dom, or the United States (Postiglione 1997 and 1998).

FuTure TRENDS AND CONCLUDING

REMARKS

Since Hong Kong became an SAR on July 1, 1997,
“Hong Kong' s universities have not been greetly affected”
(Postiglione 1998); Ip (1998) notes that “Hong Kong
seems to be the same as before.” Despite this seemingly
stagnant picture, Hong Kong is, in fact, changing—and
change in education may serve as the best illustration.

ENHANCING INTERNATIONALIZATION

There is a much greater sense of commitment on
the part of the new government to education as com-
pared to the old colonia regime. In hisfirst policy address
made in October 1997, the new chief executive, Tung
Chee-hwa, made education a high priority and promised
to make a rea change in education. Two major policy
initiatives on tertiary education are key in making Hong
Kong' suniversties stronger. Firgt, from 1998 to 2001, the
new Hong Kong government will invest heavily in higher
education so as to enable Hong Kong universities to
achieve and maintain recognition asworld-classresearch-
ers in the internationa academic community, keep pace
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with rising standards, and serve the future economic and
socid needs of Hong Kong. During the same period, the
number of nonlocal undergraduates and taught postgradu-
ates will be doubled from 2 to 4 percent, and the ratio of
nonlocal research postgraduate students in tertiary insti-
tutions will be increased subgtantialy from one-fifth to
one-third.

Ra1sING RESEARCH STATUS

Until recently, the primary function of tertiary insti-
tutions in Hong Kong was teaching. Research, at least
from the government’ s point of view, was not an impor-
tant consideration. Government financia support for ter-
tiary ingtitutions was calculated on the basis of the costs
involved in producing agraduate. Asaresult, Hong Kong's
research in science and technology has not kept pace
with that of its regiona rivas in Singapore, Taiwan, and
South Korea.

This situation has changed in the past few years.
The government has come to realize that support for re-
search would be an important factor in attracting quali-
fied academics and research postgraduate students and
in making Hong Kong more competitive in the world mar-
ket. The changein attitude toward research hasled to the
establishment of the Research Grants Council inthe early
1990s, whose principa responsbility is to support indi-
vidua research projects in UGC ingtitutions. The RGC
has introduced a funding model in which part of an
ingtitution’s block grant depends upon the quantity and
quality of research conducted there. In addition to distrib-
uting individual research grants, the RGC has been re-
sponsible for the competitive alocation of research stu-
dent numbers, again in conjunction with base numbers
provided by the UGC. The genera impression of the RGC,
from both local and international perspectives, isthat there
isaflourishing and growing research culturein Hong Kong.

STRENGTHENING CoNNECTIONS WITH
MAINLAND CHINA

With the opening up of mainland China since the
end of the 1970s, academic exchanges with mainland
China had been developing rapidly. Scholars from main-
land China see Hong Kong as a most useful and conve-
nient window on the outside world; loca academicsvalue
exchanges with China to facilitate their research. The
Hong Kong government has gradually come to appreci-
ate the significance of such exchanges, and the UGC has



been offering funding for them since 1988. The UGC's
alocation for academic exchanges with mainland China
jumped from HK$2.5 million in 1991-92 to HK$4.4 mil-
lion in 1995-96 (Pogtiglione 1997).

Since Hong Kong was handed over to Ching, its
academics are not only playing a bridging role between
academicsfrom mainland Chinaand therest of theworld,
but aso extending their exchanges into many other as-
pects. Of these exchanges, the trend toward increased
movement of students and professionalsis of special sig-
nificance. Thisroleincludesincreasing the number of both
undergraduate and postgraduate students from mainland
China, recruiting more academics from mainland China
who earned their doctorates at home—as well as those
mainlanders who, with doctorates from the United States
and other Western countries, have not returned to China—
and, in the long term, supplying postgraduate labor to
mainland China However, there might be educationd traf-
fic in the reverse direction. The Hong Kong government
decided in 1994 to recognize for the first time the right of
university graduates from both mainland China and Tai-
wan to apply as civil servants; one consequence of this
decisionisthat, in the future, increasing numbers of Hong
Kong students (particularly those interested in working in
government) will be going to mainland China rather than
to the United Kingdom or other countries for coursesin
higher education. It is believed that a two-way educa
tiond traffic will be of benefit to both sides, and that the
integration of Hong Kong' sacademicsinto the globa com-
munity will be strengthened rather than hindered by their
increased engagement with academicsin mainland China

TURNING TO THE AMERICAN MODEL

It is clear that the character of the academic pro-
fesson in Hong Kong is changing in other ways as well.
More doctorates are now earned in the United States
than in the United Kingdom or other countries. Table 6
shows that, in addition to the large portion of U.S.-edu-
cated professorsin the major universities of Hong Kong,
former U.S. faculty are the deans and heads of amost al
science and engineering departments and make up alarge
magjority of the directors of HKUST research institutes.

It is of interest to note that those with higher de-
grees from the United States rate their training signifi-
cantly higher than do those who earned higher degreesin
the United Kingdom. The same holdstrue for the percep-
tion of faculty about the quality of training they received
for research (Mak and Postiglione 1997). Rather than
following the changing patterns in British higher educa-
tion, Hong Kong has begun to draw more on innovations
from the United States. Besides strengthening theresearch
role of universities, other changes adopted include thein-
troduction of a credit unit system; moving from the Brit-
ish 3-year model to the American 4-year model; and con-
verting the title system from the British (lecturer, senior
lecturer, reader, professor) to the American (assistant
professor, associate professor, full professor) model. Itis
possible that the application of the American mode will
help Hong Kong universities continue their integration into
the globa community as well as improve the quality of
education and standards of research.

Table 6. Leading scientists and engineers in Hong Kong's major universities by country origin, 1996

University Total g?;ii K?nr:t;:m Canada | Australia | Hong Kong

Hong Kong University of Science and
Technoloay (HKUST)

Deans/ department heads.............ccovvverrvenan 15 14 0 1 0 0

Directors/ research CENters.........cocvvrevrrnnnns 16 12 3 1 0 0
Chinese University of Hong Kong (CUHK)

FUll profeSsors.........ccoevveeveeeeeeeeesssnn, 16 6 4 3 1 2

Directors/ research Centers..........ocooovceinceas 10 4 3 1 0 2

SOURCE: National Science Board, Science and Engineering Indicators-1998, (NSB) 98-1 (Arlington, VA: National Science Foundation).
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| ssues IN HUMAN RESOURCES IN SCIENCE

AND ENGINEERING: INDIA
Atul Wad

| NTRODUCTION

India continues to produce a substantial quantity of
science and engineering (S& E) personnel through its edu-
cational system and through higher education oversess.
Over thelast 3 decades, there has been asteady increase
in student enrollment, adding up to nearly 6.5 million by
1996. However, enrollment in basi ¢ sciences has dropped
to 19.6 percent (from 30 percent) of the total over this
period, and there has not been a significant increase in
enrollment in engineering and technology (which account
for about 5 percent of the total).

In this paper, the focus is on the trends in the gen-
eration of these human resources in India and how cer-
tain important economic changes may have an impact on
the career paths and opportunities for these personnel.

Current dataon S& E personnel in Indiaare limited,
with the most recent sources being Research and De-
velopment Statistics (DST 1996) and the 1998 Science
& Engineering Indicators report (NSB 1998) of the
National Science Foundation (NSF). Nevertheless, broad
implications may be drawn based on these dataand analy-
ses of current important economic circumstances. This
discussion paper is based to a large extent on qualitative
assessments of trendsin S& E graduate education and is
meant to serve primarily as abasis for further discussion
and identification of areas for future research and data
collection.

S& E graduate education needs to be viewed in the
context of the major issues that face Indian S& E person-
nel and nationa policymakers: the impact of the dynamic
growth of the information technology industry worldwide
and its effects on demandsfor skills, the economic down-
turn in Asian economies (even though at this point India
has not been as adversely affected as other nationsin the
region), and what NSF refers to as the “circulation” of

human resources in S& E. Also important is the growing
concern over the need for enhancing technol ogy-based
economic development and the consequent demand for
enhanced involvement of S& E personnd in the produc-
tive sector.

GENERATION OF S& E PERSONNEL IN
INDIA

Inan overall sense, Indiacontinuesto produce S& E
personnel at a steady rate, and currently has a stock of
over 6.3million (Rao 1998). Of these, however, only about
150,000 are engaged in research and development (R& D),
mostly in governmental laboratories. The rest are either
overseas or in nontechnical careers; someareinindustry.
Table 1 shows the growth in doctorate recipients from
India (in the United States) over the period 1985-96.

As can be seen, the proportion of total Ph.D.s
awarded in S& E areas has remained more or less con-
stant, except in more recent years when it has increased
somewhat. The median age for aPh.D. has stayed some-
what stable as well, at around 29 years.

Within S&E, dlocation across fields has changed.
The greatest increase has been in the computer and in-
formation sciences, which accounted for 3.9 percent of
total S&E doctorates in 1985 and 9.1 percent in 1996,
reflecting the rapid growth in the information technolo-
gies(IT) industry and the attractiveness of thisfield from
a career standpoint. It is noteworthy that many of the
Indians in the software and hardware industries in India
and overseas hold advanced degrees.

Of these, most had clear plansto stay in the United
States after receipt of their Ph.D. According to the DST
report, 1,082 of the 1,482 recipientsin 1996 had firm plans

Table 1. Number of Ph.D.s from India by year of award, 1985-96

1985 | 1986 | 1987 [ 1988 [ 1989

1090 | 1991 | 1992 | 1993 [ 1994 | 1995 | 1996

541
84

579
81

602
83

647
80

679
78

S&E (percent)......

881
80

924
81

1,072
80

1,139
81

1,289
82

1,426
84

1,481
84

SOURCE: Government of India, Ministry of Science and Technology, Department of Science and Technology, Research and Development Statistics,

New Delhi, India, September 1996.
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to locate in the United States after receiving their Ph.D.;
456 of these had definite employment plans. Mogt of the
employers (79.2 percent) were in industry/business, and
15.8 were educationa ingtitutions. In contrast, in 1985,
47.4 percent of the employers were in industry/business
and 44.5 percent were educationa institutions.

To bring greater depth to this scenario, data are re-
quired on the numbers of advanced degree-holders of
Indian origin who have returned to India and the location
of their employment there. Typically, even though Indian
Ph.D.shavetended to prefer to stay in the United States,
therapid growth in certain sectors of the Indian economy
and greater overal mobility should suggest anincreasein
this recirculation of skills.

There is another side to the coin, however. Even
though there are datathat indicate that “brain circulation”
isoccurring for some countries such as Taiwan and South
Korea, Indiaand Chinadtill experience more“braindrain”
than not. This is perhaps understood by the fairly high
level of S& E personndl in Indiaactively seeking employ-
ment. According to DST, 676,099 science graduates and
100,249 science postgraduates, as well as 152,015 engi-
neering graduates and postgraduates combined, were on
the active registers of employment exchanges in 1993.
More current data are not available.

Given that economic conditions may have made it
favorable for S&E personnd to return to India if they
entered specific industry/business areas but that overall
employment prospects for them do not seem to have im-
proved, research is needed to determine what specific
trends are emerging as a resullt.

This is particularly important when viewed from a
national economic development perspective. |deally, coun-
tries like India need to harness their S& E personnel and
capabilities to accelerate the development process and
further the development of national science and technol-
ogy infrastructure, research, and training. A mgjor chan-
nel through which this could occur is the national labora-
tory system (e.g., the Council of Scientific and Industrial
Research—CSIR) and nationa teaching institutes such
as the Indian Ingtitutes of Technology (11 Ts). There has
been considerabl e criticism of the extent to which mecha
nisms have actually made contributions to the productive
sphere; it is only recently, for example, that the CSIR
system has been asked to focus its energies on such ef-
forts. This has been accompanied in many cases by bud-

get cutbacks, which have limited the ability of nationa
labs to offer attractive salaries and career prospects to
new graduates. The upshot is that the private sector, and
in particular the information technology area, isbecoming
amajor career choice for such graduates.

This in turn is having an impact on the supply of
future teachers (Rao 1998, p. 29):

In the field of postgraduate education and re-
search in engineering and technology the follow-
ing trends are worrisome. (1) The average turn-
out of Master’s Degree holders in engineering
technology isonly around 5,000 per year and this
is againgt the capacity of more than 15,000. (2)
The loss of engineering graduates to software
industry istaking place on alarge scale with con-
sequences to postgraduate programmes. On ac-
count of these negative developmentsthereisan
acute shortage of teachers with postgraduate
qualificationsin engineering and technology. The
Situation is becoming one of concern as expan-
sionin engineering education will haveto go hand
in hand with economic growth. (3) The number
of doctorates in engineering and technology be-
ing produced annually now is only about 400 and
90 percent of them come from only adozen insti-
tutions.

Indeed, as table 2 shows, the number of doctor-
ates in engineering has dropped considerably over the
period 1982-94.

Table 2. Doctorate degrees awarded by field

Faculty 1982-83 1990-91 1993-94
Total. e, 6,948 8,383 9,369
Engineeringltech...... 511 629 348

SOURCE: Government of India, Ministry of Science and Technology,
Department of Science and Technology, Research and
Development Statistics, New Delhi, India, September 1996.

In science, however, the number of doctorates has
increased from 2,892 in 1982-83 to 3,505 in 1993-94. The
overal total number of doctorates has also increased, ris-
ing from 6,948 in 1982-83 to 9,369 in 1993-%4.

DST has compiled estimates of the total stock of
engineering degree-holders by discipline; these are sum-
marized in table 3.



Table 3. Engineering degree-holders by field

Discipline/Year 1986 1990 1995 2000
Total.overerrerienns 390,830 492,180 660,660| 848,660
{0111/ S 94,540 11,940 153,160| 186,830
Mechanical......., 108,400| 131,200| 164,220 197,980
Electrical........... 76,390 87,030] 106,220| 125,870
Chemical........... 23,660 27,510 32,300, 37,700
Telecom............ 25,520 41,830 67,290 96,260
Metallurgy......... 11,960 13,120 14,880 16,780
Automobile........ 730 1,140 2,720 5,140
Aeronautical...... 1,360 1,530 1,760 1,950
Other................. 20,4100 32,440 66,930 110,350

SOURCE: Government of India, Ministry of Science and Technology,
Department of Science and Technology, Research and
Development Statistics, New Delhi, India, September 1996.

The specific field of computer software and hard-
ware is not detailed separately but is probably included
within telecommunications, electrical engineering, and
other.

It is perhaps worth comparing these figures with
the numbers of first university degrees in S&E in India
over the period 1985-95 (table 4).

Table 4. First university degrees in S&E

in India, 1985-95

Field 1985 1990 1995
All univ. degrees..........., 646,748 750,000 750,000
Engineering............... 21,088 29,000 29,000
Math. & comp. SCi..... NA NA NA

SOURCE: National Science Board, Science & Engineering Indicators -
1998, NSB-98-1 Arlington, VA, 1998.

Clearly, these is a generd lack of available data on
graduates in computer sciences (and mathematics); this
is an important area in which further and more refined
data collection is needed in order to better understand the
changing composition of S& E degrees.

S& E AND ProbDUCTIVITY

One of the major purposes of enhancing the quality,
quantity, and proper deployment of S& E is economic de-
velopment and the strengthening of the economy. Indian
national science and technology (S& T) policy hasaways
been based on this need as a central focus (along with an
emphasis on self-reliance). Since independence, the gen-

eration of highly qualified scientists and engineers (and
the establishment of premier educationa institutions such
asthellTs) have been driven by this objective. However,
accomplishments in terms of concrete and positive con-
tributionsto productivity by S& T have been questionable,
and one of the “negative’ effects of an imbalance be-
tween the supply of personnd and the economy’s ab-
sorptive capacity has been brain drain.

Today, the discussion has turned from brain drain to
brain circulation, which may apply to some Asian coun-
tries more than others. Brain circulation appears to be
occurring in some countries (but may change with the
recent Asian economic crises). This takes place in the
form of graduates returning to jobs back home, network-
ing with colleaguesin their countriesof origin, and thereby
creating more of a dynamic two-way flow of talents and
skills between the United States and the home country.

Of paramount importance, however, is to investi-
gate to what extent this type of circulation actually con-
tributes to home countries scientific and technological
infrastructure (broadly defined to include research, train-
ing, policy, transfer of knowledge, etc.) and hence, inturn
enhance the economic development process.

For example, considering that Indiais primarily an
agricultural country and is the number one producer of
certain commodities such as jute, sugar, fruits, and veg-
etables, it is—in terms of productivity—on the low end of
the spectrum (Rao 1998, p. 19) (table 5).

Table 5. Indian agricultural productivity

Production Yield
Type of Plant -
Annual (1000 T) | World Rank | Yield kg/ha | World Rank
JUEB..voris 1,260 1 1,465 10
Fruits/veg........... 100| 1|  Variablgd Below 10
Raw sugar.......... 13-14,000 1 10% Below 5

SOURCE: P. Rama Rao. "Science and Technology in India: Retrospect and
Prospect.” Address to the 85th Annual Session, Osmania University,
Hyderabad, India, January 3, 1998.

The potentia contribution of technologica know-how
and skills is critica in improving productivity in agricul-
ture, amainstay of the economy. Y et the trend in doctoral
degrees awarded in agriculture from Indian universities
has declined in recent years. Thetrend in doctora recipi-
entsin agricultura sciencesfrom the United States shows
asmilar decline, but precise dataare not available (table 6).
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in agriculture in India
1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995
712 | 688 | 703 | 715 | 715 | 611 | 572 | 572
SOURCE: Government of India, Ministry of Science and Technology,

Department of Science and Technology, Research and
Development Statistics, New Delhi, India, September 1996.

Thisisthetype of trend that raises concernsfor the
long term. Regardless of the tremendous growth and ad-
vances in areas such as IT, and the admittedly positive
implications of these for productivity improvementsin al
sectors of the economy, the need for basic technological
capabilities that can continue to improve agricultura effi-
ciencies is criticd to the long-term economic develop-
ment of the nation.

Moreover, technologica capacities are required for
the further processing of agricultural commodities into
value-added products, the economic benefits of which are
growing rapidly worldwide. Adding vaue to agricultura
resources is amainstay of economic development: mov-
ing up the “value chain” is central to the wealth creation
process that underlies economic development. For thisto
occur, the country needs personnel with skillsin appropri-
ate areas—food processing, fermentation, packaging,
chemica engineering, tissue culture, biotechnology, etc.
With these skill sets properly harnessed, the Indian
economy could build a vaue-added industria base that
generateswealth from itsagricultural and natura resource
base.

For example, there is a growing demand for high-
quality flavors and extracts (essences) by the global food
and beverage, aromatics, and perfume industries. Indian
spices, botanicals, fruits, and vegetables are acknowl-
edged to be very high in taste and flavor content even
though yields may be low. Market demographics have
been changing in recent years: there is a growing con-
sumer demand for exotic tastes and more variety in fla-
vors and aromatics. The growth of new markets, for ex-
ample aromatherapy and organic foods, is another driver
of demand.

To meet these new demands and enter these mar-
kets comptitively, capabilities in new technologies that
provide higher extract yields and higher efficiencies are
required. These technological developments are occur-
ring in various countries around theworld (substantialy in
the United States), and it is essentia that India develop

S& E personnel with skillsin these areas. Such skillsmust
be built upon a solid foundation of training and research in
the appropriate area of agricultural engineering.

An important consideration here is that technical
skills by themselves may not be adequate. There has to
be an appreciation of market trends (and opportunities)
and incentives for S& E personne to pursue them. The
knowledge of market opportunities needs to be dedt with
by appropriate modificationsto the teaching/research pro-
gram. Incentivesfor S& E personnel can only come from
private industry and through nationa policies.

BroaDER Economic CONTEXT OF
S& E EpucaTioN

Rao (1998) makes a strong and crucia argument
that the broader economic context within which scientific
and engineering activities take place—including educa-
tion—must be taken into consideration in al aspects of
S& T policy. Of particular importance are the commercial
aspects of technology. To fully capitalize on the competi-
tive resources of the country, there is a need to focus
& T activitiesin such away as to optimize the commer-
cidization, in a competitive sense, of scientific and tech-
nological know-how.

Inthisregard, education in S& E must be based on a
broader concept of knowledge than smply functiona spe-
cidization. Of specific importance are the areas of fi-
nance, organization and management, and marketing.
These are areas with which S& E personnel need to have
aworking familiarity. The base of such expertise, inter-
estingly enough, may aready be developing, with various
government agenciesinvolved in S& T in India becoming
more involved with venture capital, technology commer-
cialization, and market-driven approaches to S&T. The
recently created Technology Development Board is one
such example; its mission is to promote the commercia
development of technology and mobilize the resources
and inputs needed for this end.

This need is present in most sectors of the Indian
economy—hedlth, pharmaceuticas, chemicals, agriculture,
tel ecommuni cations, transportation, energy, etc. Thechal-
lenge for the future is to be able to identify, with some
accuracy, which are the opportunity areas of the future
and to develop educational programs to generate the skill



sets that will be required. This is admittedly a mgjor un-
dertaking. Fortunately, in the United States and Europe,
educational and research programs in the relevant areas
aready exist and can be taken advantage of by Indian
students.

Another dimension of the globa context is the very
process of globalization itself. Corporations are becoming
increasingly global in their character, and the economies
of the world—as evidenced by recent economic events
in Asia and Latin America—are becoming increasingly
intertwined. Asaresult, onefinds U.S. corporations with
aglobal reach paying more attention to the recruitment of
talent from the countries in which they operate and de-
pending increasingly on skills available in these countries.
This applies not only to the mainstream areas of S& E but
aso to the newly emerging ones, such asIT, aswell. For
example, nearly every magjor U.S. software company has
established a development operation in India, with thein-
tention of utilizing the vast and dtill relatively inexpensive
technical resources available there. This hastwo effects:
firgt, there is tremendous mobility in the IT field between
the United States and India, and the number of Indiansin
this industry—for example, in Silicon Valley—has sky-
rocketed in the past decade. Second, the growth of the
industry is drawing people away from other career paths
in S&E, with the consequent implications for long-term
economic development discussed earlier.

There is another trend that is gradualy emerging
that is of significance in educationa terms. Indian engi-
neering graduates, mainly from the lITs, are now being
found in high-level positions in the financial sector. For
example, an I T graduate is now head of Citibank world-
wide. Many of the senior staff in multilateral financial
ingtitutions, such asthe Internationa Finance Corporation
and the World Bank, are Indian engineering graduates
from the 1970s and 1980s. They in turn are becoming
role models for future generations of engineering gradu-
ates.

In the past, for the most part, Indian students came
to the United States to study S& T with a clear intention
of staying in that field throughout their careers. A subtle
but important change may be occurring in more recent
times, in that students see an initid S& T education as a
channel to a career in an atogether different area—fi-
nance, consulting, business, etc. Thisis not atogether a
bad thing; in fact, for some time now, it has been known
that few |1 T graduates have stayed in engineering as a
career, and have succeeded in other fields, particularly in
the private sector.
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Inasense, thiswasthe origina vison of thellTs: to
generate Indian “technocrats’ who would take on lead-
ership roles in technology and industry, and hence con-
tribute to the economic development of the country. Asit
happened, a large proportion of these graduates accom-
plished this, but overseas. Whether thistrend is changing
and more engineering graduates are returning to India
after their education (and perhaps a brief career) over-
seas is an issue that needs to be explored.

From the perspective of organizations concerned
with S& T, such asNSF and national S& T agencies, these
trends raise an important question. To what extent is ad-
vanced S& T education to be seen as precisely that, pre-
paring students for careers in their respective fields of
S& T, and towhat extent isit anintellectua training ground
that prepares these students for a broader panorama of
career options? And which of these two is the more im-
portant from along-term economic devel opment perspec-
tive?

This issue has severa implications in terms of fi-
nancing of graduate education, establishment of new in-
stitutions, and the types of support that can or should be
provided to students.

Furthermore, if indeed one result of thistrend is a
downward pressure on the supply of trained S& T gradu-
ates further aggravated by the poor employment pros-
pects in S& T areas, measures need to be taken to ad-
dressthisissue. Rao (1998) points to the “assured place-
ment scheme” of the Department of Atomic Energy in
India, which first brings graduates into their own training
school wherethey are coached for ayear in an advanced
field of importance to the department. They are then as-
sured of ajob at the end of the year. A similar approach
could be adopted by private industry in India as well.

RecenT Economic CRISES

Some mention has been made of the impact of the
recent economic crises in Asia on the ability of students
from these countries to pursue advanced education in the
United States and on the circulation process.

The most immediate effect of the Asian economic
criseswould be on the ahility of foreign studentsto afford
education in the United States without financial support
of some kind. There is anecdota evidence that this is
taking place (Honan 1998), partly due to risng costs of
education in the United States and partly because other



countries are recruiting students more vigorously. Nine of
the 10 countries that send the greatest number of stu-
dents to the United States are Asian (Canada.is the only
non-Asian country). Additionaly, the financia crisis has
forced many Asian studentsto seek cheaper housing, get
part-time jobs, and transfer to collegesin other countries.
To what extent this overal trend is reflected in trendsin
S& E graduates requires research.

The Asian crisis would have had a greater impact
on the plans of students from the worst affected coun-
tries (South Korea, Thailand); its effects on Indian stu-
dents may have been less. However, the India rupee has
aso been losing vaue steadily, which islikely to have an
impact over time. NSF analysis of foreign doctoral recipi-
ents and their stay rates in the United States shows that
India and China have the highest rates; this is likely to
continue for the reasons outlined earlier.

The Asian economic crisis does highlight one issue
that bears deeper consideration—the relationship between
productivity-driven economic considerations and the de-
mand for and behavior of S& E graduates. The argument
has been made that a mgjor reason for the downturn in
these economies was a lack of long-term and targeted
investment in productive wedalth-generating efforts that
would add value to local resources and generate sustain-
able competitive industries. Instead, much of the invest-
ment was going toward speculative ventures, rea estate,
and debt financing of noncompetitive industries, where
the need for highly trained S& E personnel is low. One
would then expect that most of the jobs and opportunities
for S& E personnel would bein academiaand the govern-
ment. In India, this has certainly been the case, given the
low demand for S& E personnel in the private sector. Y et
it isin the private sector, where their knowledge can be
gpplied to the development of competitive technology-
based enterprises, that their full value should beredized—
at least in terms of contributions to productivity.

Furthermore, in an economic downturn, not only does
private industry cut back on R&D expenditures, but the
government typically aso cuts budgets in S& T-related
areas. All of this has the net effect of reducing even fur-
ther the demand for S& E personnel in S& E careers. The
only mgor source of demand under these conditionswould
be overseas employers (such as in the United States),
and that would be subject to the sector prioritiesin those
economies. Thus, the growth in the information industry

inthe United States (and its counterpart in India) is draw-
ing an increasing number of Indian engineers because of
both its economic attractiveness and the decline of op-
portunities in other fields.

Thuswe have adownward spiral effect where past
economic policies, based on alack of focus on the role of
S& T to economic growth (and the consequent low de-
mand for such skills), produce conditions that further de-
teriorate this demand. This subject—the relationship be-
tween economic policies and demand conditionsfor S& E
personnel—requires further investigation.

Inthe padt, theimplications of broad economic trends
and conditions have not been stressed in the anayss of
educational needs in S& E and patterns of S&E educa
tion. In today’s more integrated and dynamic global
economy, it would be prudent to bring these factors into
an anaysisof thiscritical issue. Thisin turn means broad-
ening the disciplinary base for the study of S& E educa-
tion to include expertise in technology and economic de-
velopment, economic policy, technology commercidiza-
tion, and competitive strategy, among others.

| ssUES FOR FURTHER RESEARCH

Clearly, there areanumber of issuesthat need to be
addressed to devel op amore current and accurate under-
standing of the Situation today and in the future with re-
spect to S& E graduate education. In the case of India,
thelack of dataisinitself a problem, but the types of data
that need to be gathered and the rel ationships that need to
be studied a so need to be reassessed. Some of these are
summarized below.

CoMPARATIVE DATA ON DISTRIBUTIONS
AcRross S& E FiELDs IN THE UNITED
STATES AND INDIA

Of particular interest here would be the changesin
distribution between new fidds (e.g., IT) and traditiona
areas, as well as distribution changes within fields (e.g.,
food processing). In addition, data on distribution between
the United States and Indiain terms of degree recipients,
and theemployment locations of both groupsby field, would
provide better insight into current trends.



Data oN Economic CONDITIONS AND
EmPLOYMENT CHoOICES oF S& E
GRADUATES

The correlation of broad economic indicators, such
asthose used by the World Bank and the United Nations
Development Programme, as well as assessments of the
competitiveness of different countries (e.g., the World
Competitiveness Report), with employment paths and
patterns of demand for skillsin S&E would provide very
useful data for future education planning and reform. Of
importance here is the need for a conceptual framework
that builds upon andytica principles in economic devel-
opment and allows propositionsto be devel oped about the
relationships between economic development dynamics
and career patterns and choices of S& E personndl in In-
dia

TiME-SERIES DATA ON CAREER PATHS OF
INDIAN SCIENTISTS AND ENGINEERS

Asdiscussed earlier, many Indian engineering gradu-
atesare now in senior positionsin other fields—business,
consulting, finance, etc. Thisisan important trend both in
terms of how we evaluate graduate S& E education and
how we develop new educationa programs and policies.
Just as the I1Ts were established based on a “techno-
cratic” vision, there may be an emerging need for educa-
tiond ingtitutions to integrate S&E with such areas as
entrepreneurship, innovation, economic development, and

finance to create a new generation of what the United
Nations (UN) refersto as “techno-entrepreneurs’ for the
modern globa economy.

TRENDS IN SOURCES OF FUNDING

Patterns of funding and the composition of sources
of funding for R&D, graduate education, and training is
another area for more thorough data collection. This is
particularly important because there is an ongoing shift
away from public sector funding for R& D and agrowing
emphasis on technology commercidization. Of interest
would be changes in the distribution between Indian and
U.S/foreign sources of funding and the types of support
being made available from these sources.

IMPACT OF S& T PoLiciEs oN GRADUATE
EbucaTioN

During the 1970s, considerable emphasiswas given
to the role of S&T policies and policy mechanisms in
srengthening S& E capabilities in developing countries.
The UN’s Vienna Program outlines eight areas where
policies needed to be developed in S&T; one is human
resources. During the 1980s and 1990s, there was a re-
duced emphasison S& T policies, but it may now be use-
ful to assess the impact of the S& T policies developed
and implemented by countries such as India on the cur-
rent situation with respect to S& T human resources.
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GRrRADUATE EpucatioN REFORM AND
| NTERNATIONAL MOBILITY OF SCIENTISTS IN JAPAN

AND RELATED |INFORMATION FOR KOREA

Shinichi Yamamoto

| NTRODUCTION

Since the establishment of a system of higher edu-
cation in Japan at the end of the 19th century, it has been
one of the driving forces in leading Japan into industrial-
ization and modernization. However, Japan has experi-
enced great economic and socia changes that now de-
mand subsequent changes in the university system.

“University reform” is the key concept in under-
standing the current situation of higher education in Ja
pan. The Basic Plan for Promotion of Science and Tech-
nology, which has just been initiated by the government,
will be a great boost for the movement to reform univer-
sity research. Korea, one of Japan’s neighbors, is also
experiencing a similar kind of reform movement affect-
ing its university and research systems.

Universities and colleges have played several roles
in Japan: training researchers, teachers, and other types
of professionals; carrying out research and development;
and identifying prospective young people who might later
play animportant rolein Japanese society. The character
of these roles, however, is now changing greatly due to
the massification of higher education and the increased
sophistication of research in science and technology. The
research and research training functions of universities
need to be reevaluated and improved, while a so respond-
ing to various educational demands by students of amass
higher education system in which more than 47 percent
of the 18-year-old population now participates. It has be-
come difficult for each individud ingtitution to respond to
these needs at the same time.

Within this changing environment, some reforms
that can now be observed are competitive alocation of
research funds, expansion of graduate training accompa:
nied by new financial aid programs, encouragement of
research cooperation with industry, and restructuring of
research units at major universities. After discussing the
reforms taking place in graduate education in Japan, a
brief description is here given of recent trends in gradu-
ate education in Korea

NATURE OF GRADUATE EDUCATION

REForRM IN JamN

Necessary reformsin graduate education have been
discussed since the early 1970s, based on the idea that
the system in Japan is very weak and inclined to train
future academics rather than other types of profession-
as. The Ministry of Education, Science, Sports, and Cul-
ture (hereafter referred to as Monbusho) began introduc-
ing more flexibility through systemic reforms; it has de-
voted much effort to expanding the capacity of graduate
schools and creating new programs at many nationa uni-
versities. A feature of graduate education policy recently
introduced by Monbusho is amore competitive mode for
obtaining research grants and other kinds of resources.
For example, specia competitive funds are made avail-
able both for graduate programs and graduate students.
New types of fellowshipsfund individua prospective stu-
dents, while other specia funds provide ingtitutional sup-
port for graduate programs. The effects of these policies
will be seen in the near future.

Today, dl nationd universities in Japan, as well as
two-thirds of the private universities, have graduate pro-
grams. Graduate enrollment currently exceeds 170,000,
including about 80,000 in science and engineering pro-
grams. This is more than 10 times the 1960 enrollment.
For science and engineering, the number of studentsis23
times larger.

MAssiFicaTION OF HIGHER EDUCATION
AND THE DECLINE IN THE POPULATION OF
18-YEArR-OLDS

The research environment at universities has
changed radically over the past years. The most impor-
tant change has been the “massification” of higher edu-
cation, which has made the traditiona notion of the unity
of research and teaching difficult to maintain. Thereform
and expansion of graduate education in Japan cannot be
understood without mentioning the trend toward
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meassification of higher education at the undergraduate
level. Graduate education has been recognized (by uni-
versity faculties as well as by the government and indus-
try) asacrucia devicefor avoiding problems, such asthe
lack of balance between research and teaching, caused
by the massification of undergraduate education.

Japan experienced itsfirst period of rapid growth in
higher education after World War |1 in the 1960s and early
1970s. The participation ratio of the 18-year-old popula
tion in higher education grew rapidly from only 10.3 per-
centin 1960 to 38.6 percent in 1976 (figure 1). Thisgrowth
was caused by variousfactors (Y amamoto 1997); among
them, people’s desire for higher education based on the
belief that it would bring great personal benefit and the
government’ sintention to expand the scale of higher edu-
cation in science and engineering in response to the need
for economic growth. Due to these factors, the propor-
tion of science and engineering students in tota enroll-
ment in undergraduate programs grew from 18 percent in
1960 to 23 percent in 1976.

By that time, it was realized that massification
brought not only growth of higher education in terms of
number of students but also aradical changein the char-
acter of the system. Higher education was no longer for
the“elite” but was available for the masses. The demand

for education created a diversified system of institutions,
ranging from the highly academic to the extremely prac-
tical.

In response to this rapid massification and qualita
tive changein higher education, Monbusho initiated anew
policy that was intended to control the quantity and im-
provethe qudity of university education inthe mid-1970s.
Growth in the participation ratio flattened out, and enroll-
ment a so stopped growing. This policy, however, actually
protected the existing higher education system; red uni-
versity reform did not begin until the 1990s.

The second stage of massification started at the
beginning of 1990s. The participation ratio of 18-year-
olds grew again, from 36.3 percent in 1990 to 47.3 per-
cent in 1997. This time, the share of students in science
and engineering did not change but remained a around
23 percent. This rapid regrowth was triggered by an in-
crease in the population of 18-year-oldsin the late 1980s.
This regrowth mechanism can be explained as follows:
each university and collegetriesto expand enrollment when
the population of 18-year-olds grows; the government also
encourages each ingtitution to accept more students be-
cause it is afraid of an increase in the number of people
who cannot enroll in universitiesand colleges. Thisgrowth
in capacity at each ingtitution encourages 18-year-oldsto

Figure 1. Trends in access to higher education in Japan, 1960-2010
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attend universities and colleges at rates greater than the
government anticipated, just as the “multiplier” used in
explanations of economic growth. With a mass higher
education system, people tend to go to college because
their neighbors do.

This second stage of massification, however, was
followed by a serious problem. As shown in figure 1, a
steady decline in the 18-year-old population—from 2.05
million in 1992 to 1.20 million in 2009—will considerably
lower the potentia higher education enrollment. Except
for a few prestigious ingitutions, most universities will
have to consider how to deal with this future shortage of
applicants and how to attract students.

Along with the massification of higher education, a
growing number of people have complained about the
content of education. Teaching tends to be concentrated
on academic material, while many students prefer to take
practica courses they think will be useful in future jobs
outside academia. Another difficulty is a perceived de-
cline in student interest in learning. Many students who
might not have enrolled in higher education 2 decades
earlier are not accustomed to studying abstract material
in academic language. Universities must respond to this
more diversified student population and improve teaching
techniques and curriculum. So-caled “faculty develop-
ment” (FD) has become a fashionable phrase in Japan
when discussing theimprovement of teaching. Along with
FD, universities are being forced to reform in response to
this new situation, and to attract and retain students.

THE SysTEM oF GRADUATE EDUCATION IN

JaPAN

The current graduate education system in Japan has
been developing sinceitsintroduction after World War 11.
Enrollment in graduate education, though much smaller
than in the United States and major European countries,
has grown more rapidly than undergraduate enrollment
during this period. Now, approximately 10 percent of stu-
dents (26 percent in science and engineering) who finish
undergraduate programs advance to graduate programs.

Graduate schools offer two kinds of programs—a
2-year master’s degree program and a 3-year doctoral
program. Thedoctoral programs generally admit students
who finish a master’s degree program. Enroliment in
graduate school generally requiresthe successful comple-
tion of a bachelor’s degree. However, a recent reform
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enables each graduate school to admit prospective stu-
dents who have not yet finished their undergraduate pro-
gram and to grant degrees to those who have completed
a shorter coursework program.

Japanese doctoral degrees are classified into two
categories. One is the “coursework doctorate” (univer-
sity-based doctorate), granted to those who finish 3 years
of coursework and write a doctoral thesis. The other is
the “thesis doctorate” (Ronbun doctorate), granted to
those employed in industry or others who submit athesis
(based on their industria research) to graduate schools
and pass an examination. The level of both doctoratesis
the same according to the definition in Monbusho's De-
gree Order. However, athesis doctorate has tended to be
recognized as a “grand doctorate’ rather than as an a-
ternative to a coursework doctorate. Granting doctorates
has sometimes been regarded in academic circlesaspraise
for esteemed scholars for their exceptional work. This
notion has tended to prevent academics from viewing
doctorates as a“license” for future researchers and has
made doctorates difficult to obtain for young people who
arein doctora programs, especidly in the humanitiesand
socia sciences.

In the sciences, the number of coursework doctor-
ates has traditionally exceeded the number of thesis doc-
torates; in engineering and medicine, on the other hand,
thesis doctorates have exceeded coursework doctorates.
With the expansion of university doctora programs, how-
ever, the proportion of university-based engineering de-
grees has been increasing. By 1992, more doctoral engi-
neering degrees were earned for research within univer-
sity laboratories than in industrial research laboratories.
Thisincrease was partly due to the fact that each gradu-
ate school in engineering had encouraged people who had
once enrolled in a master’s program to enroll in shorter
graduate programs (mostly 1 year) to obtain adoctorate.!

Under the Japanese doctorate system, there is no
clear distinction between aPh.D. and a professional doc-
toral degree. Recipientsof either type of degreearecalled
“doctor,” dthough credentias require indication of a spe-
ciaty and the name of the university that granted the de-
gree.

tUnder the current Japanese system, the minimum coursework
requirement for a doctorate is 3 years, including master’s degree
coursework. If a person has previously enrolled in a 2-year master’s
program or has equivalent ability, the minimum coursework require-
ment is 1 year.



Graduate schools are quite separate from under-
graduate programs. This structural digtinction is one of
the unique features of the Japanese university system, in
contrast to European systems where undergraduate and
graduate structures are not so clearly distinguished. The
U.S. graduate education system is funded by individual
grants; this is unlike Japan’s system, where Monbusho
provides generd university fundsto the graduate programs
a nationd universities. Some European countries indi-
catethat they are now looking at the U.S. system of gradu-
ate education. One of the biggest problemsisthat gradu-
ate schools are much smaller than undergraduate depart-
ments. Most faculty members want to teach at graduate
schoolswhile, in redlity, they usualy have their affiliation

with undergraduate departments and are heavily involved
in undergraduate teaching. Faculties have long claimed
that graduate schools should be further expanded.

Japanese graduate schools are now aiming to train
professionals with advanced speciaized ills, aswell as
train researchers to work in academia and other ingtitu-
tions. Mogt efforts, however—especidly in the humani-
ties and socia sciences—have been devoted to training
academic researchers. People who want to work for busi-
ness and government have tended to end their studies at
the undergraduate level. Thisrelatesto the fact that |ead-
ing Japanese companies each year have recruited new
bachelor’ s degree recipients of potentia ability and given

Table 1. Master's and doctoral degrees by field in Japan

Field 1991 1992 1993 1994 1995
Master's degree
TOtal s 29,550 33,293 37,213 42,015 47,525
Humanities...........oevevveennes) 2,348 2,473 2,749 2,947 3,413
Social sciences.........coc... 2,672 3,095 3,613 4,169 5,135
SCIENCE. cvvvvvrrrrereireeerereeeens 3,204 3,504 3,862 4,457 4,946
ENgineering.........ooveeveerenens 14,346 16,309 18,198 20,352 22,610
Agriculture........cc.cccverrernne. 2,028 2,372 2,622 2,971 3,136
[ T 1 O 1,316 1,403 1,659 1,749 1,871
Home economics............... 168 195 221 201 290
Education........cccoererennene 2,436 2,666 2,850 3,204 3,699
AS.oee ) 674 730 743 884 985
Others. ..o 358 546 696 1,081 1,440
Doctoral degree

TOtAl oo 10,885 11,576 12,486 13,044 13,632
Coursework doctor total...... 4,779 5,134 5,718 6,203 6,979
Humanities........c.coeeenen, 42 56 90 133 147
Social sciences.............. 67 90 88 123 174
SCIENCE....vrvrrrrreerreeens 586 638 761 811 908
Engineering........c.coeveen) 983 1,184 1,432 1,613 1,925
Agriculture........ccceuennen. 385 376 446 508 587
Health......ccoocvvrnineenne. 2,503 2,624 2,670 2,736 2,886
Education..........cccocvveenc 25 21 25 24 32
Others 188 145 206 255 320
Ronbun doctor total............ 6,106 6,442 6,768 6,841 6,653
Humanities.....c.ccoeeeennn, 117 149 171 175 198
Social sciences 133 153 195 178 184
SCIENCE....vvvvrrerieiiiene 306 371 407 324 335
Engineering........cccoeveen) 1,111 1,178 1,351 1,396 1,372
Agriculture 485 448 476 500 521
Health.......cooevevivininenne. 3,853 4,032 4,042 4,125 3,896
Education 24 39 47 52 53
Others............c.cococ........ 77 72 79 91 94

SOURCE: The Monbusho Survey of Education.



them long-term in-service training as future managers.
Companies do not seek people with specific or advanced
kills,

Thus, advancing to graduate programs instead of
getting a job after obtaining a bachelor’s degree has not
been attractive except for those who intended to be uni-
versity researchers. A few exceptional cases are those
holding master’s degrees in engineering or doctoral de-
greesin medicine. Thereason for the success of master’s
programs in engineering was the growing demand for
specidized skillsin thisfield when Japan’ s economy was
increasing rapidly. This economic growth triggered
policymakers and industry to demand expanded master’s
programsin engineering. Once prospective students regu-
larly advanced to graduate programs, having a master’s
degree in engineering gradualy became essentia for
employment in mainstream industry. Today, universties
that offer master’ s degree programs train studentsinten-
sively for 3 years from their fina years in undergraduate
programs until the end of the master’s course.

Graduate enrollment differs by ingtitution type (nea-
tional, loca, public, and private). The mgority of students
take their undergraduate courses at private institutions,
while national universities exceed others in the scale of
graduate education. Similar differences exist among the
disciplines(table 2). In the humanitiesand socia sciences,
most students leave their institutions with bachelor’s de-
grees, graduate education is very minor compared with
the huge scale of undergraduate programs. Advanced

research activitiesin thisgroup are highly concentrated in
afew ingtitutions. More students enter graduate programs
in science and engineering. Master’s programs in engi-
neering are regarded asthe most successful case of gradu-
ate education in Japan. Doctora enrollment inthisfieldis
also much greater than in the humanities and socid sci-
ences.

ExpaNnsioN oF GRADUATE EDUCATION

As mentioned above, until the late 1970s, the func-
tion of the Japanese graduate education system had been
mainly the research training of future academics. In some
areas, such asengineering, growing enrollment had gradu-
ally changed the character of graduate education—i.e.,
shifting it from an emphasis on academic research train-
ing to professiona training. Thus, in the 1970s and 1980s,
Monbusho discussed and introduced systemic reforms.

Although graduate education aims at both academic
research and professiona training, it has been regarded
as an important locus of research activity. Due to the
massification of university education, concerns about uni-
versity research have shifted from undergraduate depart-
ments to graduate schools. Graduate schools seem to be
a sanctuary not only for faculty members who seek the
unity of research and teaching, but also for policymakers
who regard university research as an engine for economic
growth and technologica innovation.

Table 2. Number of students finishing each program, 1997

By type of institution Level
Undergraduate Master's programs Doctoral programs
TOtAl v 524,512 50,430 9,860
NALONAL.....veeereeee i) 104,100 31,025 7,024
007 | RO 15,808 2,000 446
Private........covieiiciceces 404,604 17,405 2,390
Level
By field
Undergraduate Master's programs Doctoral programs? Doctorates granted’
TOtal oo 524,512 50,430 9,860 12,031
Humanities and social sciences..... 299,324 4,234 1,570 522
Science and engineering................ 136,773 26,393 4,359 4,663
Health. ... 23,571 2,033 3,370 6,480
OtherS.....cooveverceeesiesieeereeens 64,844 17,770 561 366

& Number of students who finished coursework in that year.

b Number of doctorates granted in that academic year including both coursework doctorates and ronbun doctorate. It can be seen that
there are many students who leave their coursework without receiving a doctorate in the humanities and social sciences.

SOURCE: Monbusho, Basic School
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The growing number of graduate students, espe-
cidly in engineering, has reflected the new expectations
of the industrial sector. Master’s degree programs have
grown far more rapidly than those at the undergraduate
level. The proportion of students who advanced from un-
dergraduate to master’ s degree courseswas low evenin
engineering during the 1960s and early 1970s. By 1996,
however, it reached nearly 25 percent; at the University
of Tokyo, for example, 69 percent of undergraduate stu-
dents at the School of Engineering advanced to graduate
coursesin that year. On the other hand, in the humanities
and socia sciences, this ratio has remained low.

Although enrollment differs by discipline, graduate
education has been closely connected to research inten-
Sty at Japanese nationa universities and is influenced by

university finances. The level of genera university funds
alocated for each nationa university from Monbusho dif-
fers greatly for universities with master’s and doctoral
programs. The amount of general university funds alo-
cated for each research unit (Koza) that deals with doc-
toral programs is more than two times greater than that
of any type of research unit that has no relation to gradu-
ate education (Gakkamoku). For private universitiesand
local public universities, doctoral programs bestow apres-
tigious status upon neighboring indtitutions, even if they
do not attract enough studentsinto their graduate schools.

Thus, graduate education has been expanding not
only by responding to growing demand, but aso due to
the desire of faculties to increase their funding and sta-
tus. Today, all nationa universities have at least master’s

since the late 1970s;

INCREASING FLEXIBILITY IN JAPANESE GRADUATE EDUCATION
A number of changes have been made with the aim of bringing greater flexibility to the graduate school system

1. The aims of doctorate courses have been expanded to include not only the traditional goal of training

researchers to work in universities and other ingtitutions, but aso the training of professionas with
advanced speciaized skills that enable them to contribute to various sectors of society.

. It has become possible to establish evening graduate courses to meet the needs of workers.

. Graduate schools are now able to reduce the required duration of study for students of exceptional

bility.

. Students in master’ s degree courses are now able to receive research guidance in other universities and

ingtitutions for up to 1 year when thisis deemed to be of educationa or research benefit.

. To provide a way for students who show exceptiond aptitude for research to begin graduate studies

earlier than usud, the system has been atered to allow such students to proceed directly to master’s
degree course studies after completing the third undergraduate year.

. Students who have completed their undergraduate programs and have been involved in research at

universities or research institutions for at least 2 years are now deemed qualified to enter the upper
division of doctorate courses even if they have not completed master’ s degree courses.

. In master’ s degree courses designed primarily to train professionals with advanced specialized skills, the

requirements concerning degree theses have been changed to enable the thesi s requirement to be waived
a the discretion of the graduate school when this is deemed appropriate from an educational viewpoint.

. People with outstanding knowledge and experience in speciaized fields and with advanced abilities in

education and research can now be considered qualified to be graduate school teachers. Theaim of this
change is to attract human resources from nonacademic sectors of society so that people with excep-
tiona knowledge and experiencein specidized fields can contribute to graduate education and research.

SOURCE: Monbusho (1996).
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programs and 80 percent have doctoral programs. Asfor  industrialized countries in the world. While the United
private universities, 19 percent have master’s programs  States experienced about 1.8 percent annual growth dur-
and 47 percent have doctora programs; just 34 percent ing the 1980s, Japan’s graduate enrollment increased by
have only undergraduate programs. The annual growth 5.6 percent.

of graduate enrollment in Japan was the highest among

Table 3. Enrollment in graduate programs in Japan:

Figure 2. Expansion of graduate enrollment master's and doctorate, by field, 1960-97

200,000 Field 1960 1970 1980 1990 1997

Master's programs

Total..cooveeerererins 8,305 27,714] 35,781 61,884| 119,406

Humanities............ 2,870 5,157 5,469 6,009 10,729

160,000 Social sciences...| 2370 4607| 4050] 6366 15380

SCIeNCe.....uvvvninn. 987 2,983 3,741 6,484 12,109

Enadineering........... 1,223 10,251 14,864| 28,399 51,277

120,000 Agriculture............. 372 2,063 2,546 4,046 6,943

Health.... . 140 909 1497 2,710 4,909

other........... 343 1.744 3.614 7.870 18.059
80,000 Doctoral programs

0] 7429 13243| 18,211 28,354 52,141

Humanities............ 1,016 1,876 2,860 3,594 5,592

Social sciences..... 894| 1,727 2430 2,654 4,830

40,000 Science..... | 00| 2263| 2580 3067] 583

Enaineering........... 391| 2,356 2,358 4,315 10,847

Agriculture............. 339 839 1,095 1,742 3,632

0 f f f Health..................| 3,709 3,769 6,191 11,794 17,187

1960 1970 1980 1990 2000 Other 180 413 688 1188 4,222

SOURCE: Monbusho, Basic School Survey.

SOURCE: Monbusho, Basic School Survey.

Figure 3. Number of universities with graduate programs in Japan
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THE SrSTEM FOR SUPPORTING,
TRAINING, AND EMPLOYING S& E
GRADUATES IN JARAN

RESEARCH FUNDING FOR GRADUATE
EbucaTtioN

The growth of general university funds was amost
frozen in Japan during the 1980s, due to the governmental
budget deficit problem. Thissituation caused serious prob-
lemsin graduate education becauseit had long been main-
tained by general university funds. However, revitaliza-
tion of university research was considered critical in pro-
moting advanced research and economic competitiveness.
Monbusho also increased other types of research funding
other than general university funds. These funds are not
formula-based but are provided on a competitive basis.
Thus, the structure of university research funding has
changed gresetly over thelast several years. Specia funds
have been set up for graduate schools (on an ingtitutional
basis) as well as for new fellowships for doctora stu-
dents and postdoctoral researchers (on an individua ba-
Sis).

Specia budgetary mechanisms are available for
graduate schools that are expected to produce outstand-
ing educational or research achievements or that are ac-
tively involved in new ventures. In fiscal year 1987,
Monbusho established a system for subsidizing advanced
equipment for graduate schoolswith the aim of achieving
rapid improvement in the conditions of graduate educa
tion and research. Under this system, funds are made
available to graduate programs that generate excellent
educational and research results. The funds are used to
ingtall advanced educationd facilities needed by scien-
tific fields and educationd activities. In fiscal year 1995,
the government alocated 6,343 million yen for this pur-
pose.

A special expenditure system, the Kodo-ka fund,
was established in fiscal year 1992 to give priority to the
advancement of education and research, especially at
graduate schools, through support of educationa and re-
search activities, including joint research, research ex-
changes, the use of teaching assistants, and international
exchanges. In fiscal year 1995, 9,981 million yen were
alocated for this purpose.

Theaim of these new policies, long with agrowing
amount of competitive grant-in-aid programs (Kaken-hi),
is to give additiona resources to selected schools and
scholars whose research quality and performance are
outstanding. A new funding program, Research for the
Future, which began in 1996 and is managed by the Japan
Society for the Promotion of Science (JSPS), is funded
through capitd investments made by the Japanese gov-
ernment to promote and expand the frontiers of scientific
research.? Funding is decided by the JSPS committee af-
ter designation of the specific research fields to be pur-
sued.

In addition, some universities, such as the Univer-
sty of Tokyo, have recently shifted their research units
(Koza) from undergraduate departments to graduate
schools (Juten-ka). By doing so, they have succeeded in
increasing their research funding by 25 percent from
Monbusho. The Center of Excellence program is another
example of selective alocation of resources. This pro-
gram aims to establish a superior research base within a
university, and Monbusho provides active support to those
ingtitutions recognized as centers of excellence. Asare-
sult, the university funding structure has grestly changed
from relying on genera university funds toward a reli-
ance on specific and competitive funds.

Table 4. Major funds allocated to national universities

Type of Funding pillon ven
1987 | 1992 | 1997
General university fund...........ccccoouene 97,824| 117,873 154,052
Grant-in-aid..........cocveneiinnnniinninns 45,080 64,600| 112,200
Contract research from industry?......... 22,361| 48,184| 52,783
Contract research from government...] 5451 9.449| 41853

& Donations in 1997 included large capital investment funds.
SOURCE: The Monbusho Survey of Education.

FINANCIAL SUPPORT FOR GRADUATE
STUDENTS AND POSTDOCTORAL
RESEARCHERS

Financial support for graduate students and
postdoctoral researchers isimportant for research train-
ing. For graduate students, scholarship loans provided by
the Japan Scholarship Foundation (JSF) have played the

2Many efforts have been undertaken to improve the difficult
economic situation in Japan. Research as investment has emerged
under these circumstances.
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biggest role® These loans enable students who lack fi-
nancia resources to attend graduate schools. More than
40 percent of master’ sdegree program students, and more
than 60 percent of doctoral program students, used these
loans in the 1970s. Although the growth of JSF scholar-
shiploansdid not follow the expansion of the student popu-
lation (those figures have now declined to 30 percent of
master’s students and 50 percent of doctoral students),
the loans provide basic financia support for graduate stu-
dents. Students who, upon graduation, are employed in
universitiesor related ingtitutions as researchersfor some
years do not need to return their scholarship loans.

In 1985, Monbusho established a new and more
competitive fellowship program for young researchers,
Fellowships for Japanese Y oung Scientists. With theaim
of cultivating young researchers who will conduct inno-
vative and trail-blazing research, this fellowship program
provides a limited number of promising young research-
ers with fellowships and research grants so as to alow
them to concentrate on their research, which they con-
duct in laboratories or under supervising researchers of
their choice for a specified period (2 to 3 years). This
new fellowship, which is administered by the JSPS, is
provided for graduate students and postdoctoral research-

erson ahighly compstitivebasis. Infisca year 1997, 2,420
doctoral studentsand 1,070 postdoctora researcherswere
granted thistype of fellowship. Thus, competitive funding
for individuas has been promoted.

Under the JSPSfellowship program for young Japa
nese researchers, postdoctoral fellows receive 354,000
yen (approximately US$3,000) amonth, and doctord stu-
dents receive 202,000 yen (US$1,700) amonth. Research
funding of up to 1.5 million yen is aso provided. The JSF
provides scholarship loans of 83,000 yen a month for
measter’ s degree course students and 115,000 yen amonth
for doctorate course students. In addition to the fellow-
ship, other types of support are provided through ateach-
ing assistant program and a research assistant (RA) pro-
gram. Unlike the U.S. system, the RA is directly funded
by ingtitutions without a direct link to particular research
grants.

As part of the promotion of the Program to Support
10,000 Postdoctords, which is included in the Science
and Technology Basic Plan of 1996, these new kinds of
competitive support devices will be expanded not only by
Monbusho, but also by other governmental agencies, in-
cluding the Science and Technology Agency. The target
amounts of annual support differ greetly (table 5).

Table 5. Main financial support for graduate students

and post-doctoral researchers in 1998

Sources/mechanisms Graduate students Post-doctoral Annual amount of
of support support (1,000 yen)
Master's Doctoral ‘
Total enroliment. ..o, 105,079 38,343
Monbusho related
JSF scholarship loans®....... 27,210 19,750 NA MC:996, DC:1,380
JSPS fellowships................ NA 2,440 1,330 DC:2,424, PD:4,248
Teaching assistantships..... 3,538 6,853 NA MC,DC: 528
Research assistantships.... NA 2,562 NA DC:1,056
Other NA NA 2.360 NA
STA and other ministries

Fellowship from STAC......... NA NA 1,087 from 3,240t0 7,488
Fellowship from MITIY........ NA NA 133 8,640
Other. .o NA NA 1422 NA

: Japanese students only.

b

° STA: Science and Technology Agency.
d

MITI: Ministry of International Trade and Industry.
KEY: NA = not applicable

JSF: The Japan Scholarship Foundation is a JSPS-like special public organization under the umbrella of Monbusho.

MC=Master's course, DC=Doctoral course, and PD=Postdoctorate.

SOURCE: The Monbusho Survey of Education.

3Although scholarships are not considered loansin U.S. termi-
nology, Monbusho considers them so because JSF scholarships
(Shogaku-kin) should be returned (with some exceptions) under the
Japanese system.
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EMPLOYMENT

The labor market for master’s students has been
generally satisfactory, especially for engineering students.
These are hired by various kinds of industries and are
playing a key role in the growth of industry and the
economy. In contrast, the labor market outlook for doc-
tora students is not optimistic. One of the biggest mar-
kets for doctora students continues to be the academic
sector. This market is going to shrink because of the de-
cline in the population of 18-year-olds. In addition, cur-
rent economic difficultiesmake this matter worse because
industries are hesitating to hire doctoral degree-holders.
The labor market in industry has tended to be in specific
fidds. Getting ajob in industry has continued to be diffi-
cult for doctora studentsin the humanities and socid sci-
ences. Furthermore, the salary for Ph.D.s is amost the
same as for people who finish undergraduate programs
and enter employment 5 yearsearlier—that is, abachelor's
degree recipient’s salary increases to that of a Ph.D. if
he or she continuesto work for 5 years at the same com-
pany instead of studying at graduate schools for 5 years
to get a doctorate.

A March 1997 survey (table 6) of the careers of
students who had completed graduate courses showed
that of the 50,430 who had completed master’s degree
courses, 7,992 entered doctorate programs, while 34,223
entered employment. The main industrial sector in which
graduates were employed was manufacturing (17,117).
A total of 9,860 people had completed doctorate courses.
Of these, 6,231 (63.2 percent) entered employment. Al-
though industry was amajor employment sector, getting a
job at a university was the leader in many fields.

Demand for graduates of master’s degree courses
in science and engineering is especialy high, but there
has been a steady rise in demand for graduates in the
humanities and for graduates of doctorate courses. There
is evidence, however, that society still does not aways
place a high enough vaue on graduate school education.
Moreover, not al graduate schools have developed edu-
cational programs that offer attractive content and pro-
vide an appropriate response to current demand.

Table 6. Employment of graduate students, 1997

' University | Industry i School Health Further
Field Total teaching total Manufacturing? teacher related study Other”
Master's
Total.eeeeien, 50,430 536 31,073 17,117 2,080 534 7,992 8,215
Humanities........... 3,723 50 616 72 227 25 1,149 1,656
Social science...... 5,611 58 2,289 320 66 29 1,271 1,898
SCIENCE...vvvvrnenns 5,267 9 2,985 1,615 184 18 1,529 542
Engineering.......... 23,337 56 20,214 12,850 64 23 2,011 969
Agriculture............ 3,056 7 1,835 882 38 17 717 442
Health..........coco.s 2,033 91 1,008 802 2 329 398 205
Education............. 4,167 120 747 83 1,430 62 333 1,475
Other. s 3.236 145 1379 493 69 31 584 1,028
Doctoral
Totaloerereeene 9,860 1,828 2,507 922 49 1,817 35 3,624
Humanities........... 920 210 108 5 19 2 10 571
Social science...... 650 255 66 6 2 1 6 320
SCIeNCe....vvveenes 1,145 116 392 108 14 4 5 614
Enaineering.......... 2,434 447 1,245 619 6 1 5 730
Agriculture............ 780 123 282 71 4 12 3 356
Health..........cocou.... 3,370 530 284 88 0 1,796 5 755
Education............. 180 70 21 1 0 0 1 88
Other......ccccoceen.e 381 77 109 24 4 1 0 190

& Manufacturing is a subset of the "total" in industry.

b Other includes nonresponses.
SOURCE: Monbusho, Basic School Survey.
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Under these circumstances, Monbusho’ sUniversity
Council now predicts that enrollment in graduate pro-
grams—master’s and doctoral degrees combined—uwiill
increase from 170,000 in 1997 to 250,000 by 2010. In
other words, as shown in table 7, the number of gradu-
ates in each year will increase from 60,000 to 93,000 or
94,000. As for supply and demand, demand is predicted
to exceed supply for master’ s degrees, while current poli-
cies will lead to a supply exceeding demand for doctor-

ates even in science and engineering. The situation in the
humanities and socia sciences is projected to be much
worse. Thus, an emerging policy issueis how to improve
the educational and research quality relevant to actual
demand and aso improve the environment around gradu-
ate education that isnow poorly organized. In other words,
acrucial point for graduate schools will be whether they
can produce master’ s and doctorate degrees attractive to
industry, government, and the business world.

Table 7. University Council estimates for Japan on supply and demand of master's

and doctoral students, 1997-2010

1997 2010 supply 2010 demand
Field Actual High | Low High | Low
Master's

Total.coeercreeeeeee e, 50,430 76,561 74,900 79,947 72,635
Humanities...........c...c..... 3,723 5,612 5,139 4,792 4,537
Social science................ 5,611 10,386 9,281 8,423 7,748
SCIENCE....vveririrercieas 5,267 7,612 7,512 8,670 7,780
Engineering.......c..ccoe..... 23,337 33,428 33,751 40,397 36,211
Agriculture.......ooovvvienes 3,056 3,556 4,362 4,918 4,451
Health.......cccccoocvieiinnnnn. 2,033 3,218 3,158 2,826 2,640
Education...........ccoecuuee. 4,167 6,643 6,344 5,022 4,779
Other. o) 3,236 6,106 5,353 4,899 4,489

Doctoral

Totaloucveerecee e 9,860 17,974 17,878 12,931 11,957
Humanities..........co........ 920 1,728 1,662 1,110 1,059
Social science................ 650 1,570 1,406 773 742
SCIENCE.....cvvvrereirereians 1,145 2,038 2,026 1,667 1,495
Engineering...........cco..... 2,434 4,824 4,640 3,774 3,322
Agriculture.........ccoouvnnee. 780 1,555 1,438 1,098 998
Health.......cc.ccoocvievnnnnnn. 3,370 4,523 5,135 3,777 3,660
Education...........cccecuue. 180 467 428 212 204
Other.......coooovvivinnnn. ) 381 1,269 1,143 520 477

NOTE:  "High"is an estimate from recent 10-year trends; "low" is from

recent 15-year trends.
SOURCE: University Council of Japan.
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JaraNESE EDucATIONAL REFORM PrROGRAMS AS OF Aucust 1997

REevitaLizaTioN oF HIGHER EDUCATION INSTITUTES

* Implementation of university reform. Responding to the revision of the National Standards for the
Establishment of Universities in 1991 and the initiation of a self-monitoring and self-evauation system,
each university now reviews its education and research system, improves its curriculum as well as its
method of education, and actively implements the self-monitoring and self-evaluation system. To further
promote university reform, each university will improveits evaluation system by listening to the opinions of
outside knowledgeable persons and experts, such as academicians, heads of related municipalities, and
representatives of local industry. Each university will continuously review and evauate reformsand try to
publicize as much information as possible, including the results of salf-evauations.

* Promotion of enrichment in graduate schoolsand r eor ganization of under graduate departments.
Monbusho will examine models of higher education that play aleading rolein advanced scientific research
and that respond to the globa demand for capable individuas while meeting the challenges of decreasing
college-age population and changing industrid structure. At the same time, Monbusho will promote
enrichment of graduate schools and reorganization of undergraduate departments.

Several reportsto the University Council called for reformsin graduate education. These reportsincluded
suggestions for “alowing more flexibility in the existing systems of graduate schools’ (December 1988),
“the improvement and enhancement of graduate schools” (May 1991), and “the quantitative devel opment
of graduate schools” (November 1991). Monbusho is using these recommendations to reform the gradu-
ate education system. It will also enhance and strengthen graduate schools by establishing postgraduate
and nondegree courses for graduates mainly in the field of pioneering and interdisciplinary research.

* Improvement and enhancement of scholarship loan program. The scholarship loan program for
graduate studentswill be improved and enhanced to respond to the growing needsfor training researchers
and specidized professionals.

TRAINING PROMISING TALENT FOR THE FUTURE ADVANCEMENT OF SCIENCE AND
TECHNOLOGY, AND PROMOTION OF SCIENCE AND RESEARCH IN RESPONSE TO
SociaL NEEDS

* Promotion of science and technology education to heighten the interest of young students in
science and technology. Monbusho aimsto heighten elementary and lower secondary school students
interest in science and deepen their understanding of technology. It will support educational activities in
science and technology for young people by utilizing science museums aswell as university museums and
by holding exhibitions related to science and technology. Moreover, the ministry will seek to increase the
attraction of young people to science and technology through the “science volunteer” system, including
the teaching staff of universities and colleges of technology as well as industria researchers. Science
museums’ educationa facilities can use these volunteers to give lectures and/or to carry out experiments
for students.

» Cooperative training among universities, institutes, and industry. Monbusho is promoting intern-
ship programs with industry in which students work professionaly in their major area for future career
purposes. Monbusho will hold discussions between interested parties, including universities, colleges of
technology, and industry, as well as knowledgeable persons and experts in technology.
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Enrichment of education and research on venture business at institutions of higher education is aimed at
training more capable venture business specidists. Monbusho islooking to attract highly qualified people
in business into teaching. It is requesting industry’s active cooperation with ingtitutes in the areas of
personnd interchange, provison of funds, and provision of information on markets and technology.

Enhancement of human resourcesin the science and engineering field. Monbusho has promised
to carry out the reorganization of departments and courses in science and engineering fields, and to
promote modernization of educational facilities for laboratory work to enhance innovation in Japanese
science and technology in the future. Furthermore, it seeks to support creative education programs that
consist of various activities to cultivate students' crestivity at universities and colleges of technology, and
will disseminate best practices in developing creative human resources.

Personnel training and improvement of research environment in response to social needs.
Monbusho has promoted and initiated a 10,000 Postdoctoral Fellowships Program to support innovative
young researchers. Thiswill provide for the funding of research assistants within universities and national
laboratories. At the same time, it is attempting to create better research environments by improving
facilities and equipment. Further, it will alow cooperative relationships with other related ministries and
agencies for the joint funding of research projects.

Enhancement of competitive funds. Competitive funds will be enriched to promote inventive and
innovative research in ingtitutes. To make the funds distribution process more selective and efficient,
Monbusho will promote implementation of prior, midterm, and posterior eva uations by outside organiza-

SOURCE: Monbusho.

tions; disclosure of evauation results- and reflection of evaluations on the distribution of funds.

THE ImPmCT OF FINANCING AND
SOURCES OF SUPPORT FOR (GRADUATE

EbucarioN oN TIME TO DEGREE

There are no official statistical data concerning the
relation of financing for graduate studentsto their time to
degree in Japan. However, a 1993 survey showed that
the biggest reason why students did not continue their
doctora studieswas because they had financial problems
(Yamamoto 1996).

Regarding time to degree in Japan, there is great
diversity by field. There are very few degrees granted
compared to enrollment in the humanities and social sci-
ences, while the success rate of degree completions is
much higher in the fields of science, engineering, and
medicine. In science and engineering, the ratio of doc-
toral degree granting is reasonably high; the ratio is far
lower in the humanities and social sciences (table 9).

Thisfact reflects the differencesin degree granting
standards by field—i.e., whether the doctoral degreeisa
license for researchers or a prize for accomplished re-

searchers in a particular field. Different modes of train-
ing may aso affect the rate of degree granting. In sci-
ence and engineering, the laboratory-intensive apprentice
mode allows for easier communication between students
and mentors, while the latter case is more difficult under
the library-intensive individualistic research mode
(Gumport 1993).

DistriBuTiON OF DocTtoraL DEGREES
WITHIN COUNTRIES AND ABROAD,

AND ForeiGN DocTtoraL RECIPENTS

Monbusho conducts no official survey regarding the
number of doctoral degrees granted to Japanese students
who study abroad. However, the National Science
Foundation’s (NSF's) survey on U.S. universities doc-
tora grants to foreign students sheds some light on this
matter. According to an NSF analysis, “Compared to
maor Asian countries of origin, the number of students
from Japan earning doctora degreesin the United States
is relatively small. Japanese industries often finance ad-
vanced training of their employeesin U.S. universitiesfor



Table 8. Sources of financial support for graduate students in Japan,

according to a 1993 survey (percentages)

Field Parent Self-support | JSF's loan Other . JSPS_ TA/Ra? Other
spouse scholarship | fellowship?
Master's
Total..cvverciiine 56 11.6 23.8 7.5 0.4 0.6
Humanities......... 46.1 19.4 26.1 6 1.2 1.2
Social science...| 46 20 27 6 0.5 0.5
Science.............. 55.8 5.4 30.6 75 0.7 0
Engineering......., 58.7 10.4 21.7 8.1 0.2 0.8
Aariculture........., 59.5 9.9 22.9 6.8 0.8 0
Health................. 57 5.6 28 9.4 0 0
Education........... 68.8 125 12.5 6.3 0 0
Other.ooweevene.. 56 13.6 27.3 2.3 0 0
Doctoral
0]t SRR 25.2 19.4 44.3 4.3 4.9 0.4 15
Humanities......... 26.3 33.8 33.8 25 25 0 1.3
Social science 22.5 28.2 40.8 14 4.2 14 14
Science.............. 16.9 10.2 54.2 6.8 11.9 0 0
Engineering......., 25 14.2 44.6 8.2 4.7 0.7 2.7
Aariculture.........] 29.7 13.5 56.8 0 0 0 0
Health................. 36 12 48 0 4 0 0
Education........... 10 40 50 0 0 0 0
Other.....coccovevaes 34.3 11.4 40 2.9 8.6 0 2.9

# Since JSPS fellowships and teaching assistantships/research assistantships were not fully implemented in 1993, answers for these

columns are incomplete.
NOTE:

Data were compiled from responses to the question, "What is your primary source of support?"

SOURCE: Yamamoto, S. Graduate Schools in Japan From the Perspective of Academic Research. University Studies 15:1-287, (1996).

Table 9. Doctorate granting ratio in Japan

1990 1995 1995-90

Field Percent (Ratio)
0] ;| R 63.4 67.4 1.1
Humanities............., 3.2 14.0 4.4
Social science........ 13.1 21.4 1.6
SCIENCE...ovvvrrrrians 65.1 68.9 1.1
Enaineerina............ 70.9 79.9 1.1
Aariculture.............. 68.1 69.5 1.0
Health.........cc.covene. 85.2 85.0 1.0
Education.............. 12.4 15.0 1.2

NOTE:  The doctorate granting figures are obtained by dividing the number

of doctorates granted by the number of entrants into doctoral
programs 5 years before (for health, 4 years before).
SOURCE: The Monbusho Survey of Education.

1 to 2 years, but rdatively few remain long enough to
complete a doctoral program” (NSB 1998). This means
that there are relatively few Japanese who obtain doc-
toral degreesin science and engineering at U.S. universi-
ties.

In addition, the author’s sample survey of the fac-
ulty of Tsukuba University (table 10) shows that there
are asubstantial number who received degrees from for-
eign universitiesin the humanities and social sciences. In

78

science and engineering, according to the NSF andysis,
there are very few faculty members who earned their
Ph.D.s at foreign universities. This contrast between the
humanities and social sciences on the one hand, and sci-
ence and engineering on the other, is a reflection of the
fact that Japanese universities have tended to decline in
the number of doctoral degreesin the humanities and so-
cid sciences granted to those who studied in doctoral pro-
grams in Japan. As mentioned earlier, it is not easy to
change the national attitude toward doctorates in the hu-
manities and socia sciences, where a doctorate is per-
celved more as an award for an established scholar than
alicense for further research.

PATTERNS OF | NTERNATIONAL
MoBILITY

The numbers of Japanese studentswho study abroad
and foreign students who study at Japanese universities
are shown in tables 11 and 12. Note that the Japanese
students' figures do not exactly reflect the stuation of
study abroad because they were obtained from emigra-
tion data asking about the purpose of travel.



Table 10. Doctoral degrees of the University of Tsukuba's faculty granted by

Japanese and foreign universities (sample survey)

No doctorate Granteq by qe}panese Grantgd by forelgn
universities universities
Field Associate Associate Associate
Professor| professor] Professor| professor | Professor| professor
or below or below orbelow
Humanities total................... 40 84 28 14 10 17
Philosophy..........ccccevvenee 5 5 4 2 1 2
[ [51(0] V7N 6 18 16
Literature........coevevevevennnns 15 29
Language........cccocvevreenenns 14 32
Social science total.............| 22 26 3 35 21 20
Social sciences................ 19 19 10 12 3 4
Political sciences............. 3 7 23 23 18 16
Natural sciences total.......... 0 5 73 176 3 5
21101070 |V 0 0 17 37 1 0
Mathematics.................... 0 3 15 28 0 0
PhYSICS.....covvvieirrireininnene 0 0 19 53 0 2
Chemistry......ccooeveninnen) 0 1 9 26 1 1
GEOSCIENCES. ....vvvvveierrene 0 1 13 32 1 2
Engineering total.................. 0 4 70 127 7 9
Applied physics................ 0 0 16 33 4 3
Material science 0 0 16 31 0 0
Engineering mechanics... 0 2 16 26 1 1
Electrical engineering...... 0 2 22 37 2 5

SURVEY: Survey of University of Tsukuba's faculty by Yamamoto.

Since the mid-1980s, Monbusho has been implement-
ing the 100,000 Foreign Students Plan, which aimsto in-
crease the number of students from abroad to 100,000 by
theyear 2001. Thisgoa assumesthe acceptance of 30,000
students at the graduate school level. As of May 1997,
about 20,000 foreign students were studying at graduate
schools in Japan, while 32,000 were studying in under-
graduate programs. The attainment of 100,000 students
by the beginning of the 21st century now seems unredlis-
tic dueto the economic recession in Japan and other Asian
countries. However, Monbusho thinks it is important to
improve admission systems for foreign students, espe-
cidly at the graduate level, from the viewpoint of promot-
ing international exchangesin education as part of Japan's
efforts to make an international contribution appropriate
to its risng internationa status.

Education and research guidance for foreign stu-
dents must reflect those students' needs. Some universi-
ties are actively facilitating the admission of foreign stu-
dents through measuresthat include the expansion of Japa-
nese language education programs, the introduction of

79

Table 11. Number of Japanese students studying

abroad, 1990 and 1995

Country 1990 1995
Total.cceeereines 29,216 59,468
Australia........... 218 675
Austria.............. 196 251
Canada............. 312 774
China........c....... 806 8,526
France.............. 863 1,157
Germany.......... 1,200 1,236
South Korea..... 562 392
UK, 657 2,042
United States...) 24,000 43,770
Other............... 402 645

SOURCE: The Monbusho Survey of Education (from data of the

Ministry of Justice).



Table 12. Number of foreign students studying at

Japanese universities and colleges, 1960-97

Year Total | Y% | Graguate | JUMO!
graduate colleges
1960........... 4,703 3,874 557 272
1970........... 10,471 7,730 1,857 884
1980........... 15,008 10,913 2,644 1,451
1990........... 38,444 23,571 12,306 2,567
1997........... 55,114 32,432 20,051 2,631

SOURCE: The Monbusho Survey of Education.

ingtruction in foreign languages, and provision for theses
written in foreign languages. Efforts are aso being made
to improve education and research guidance systems in
graduate departments to which large numbers of foreign
students have been admitted. Measures in this area in-
clude the appointment of more teaching staff to research
programs.

CURRENT STUATION OF KOREAN
GRrADUATE EDpucaTioN AND ITs
REFORM

HiGHER EDUCATION AND THE GRANTING
OF DEGREES

There are numerous similarities in the school sys-
tems of Japan and the Republic of Korea. In both coun-
tries, alinear school system of the 6-3-3-4 type has been
adopted. This means Korea has a school system with 6
years of elementary school, 3 years of middle school, 3
years of high school, and 4 years of university or college.
Every citizen who finishes upper secondary school (high
school) is eligible to gpply for admission to ingtitutes of
higher education. Institutes of higher education in the

Republic of Korea are classified into four categories. (1)
colleges and universities offering 4-year undergraduate
programs (medical and dental colleges, 6 years); (2) 2- to
3-year junior colleges; (3) universities of education; and
(4) miscellaneous schools.

Among those higher education ingtitutions, 4-year
colleges and universities may have graduate schools. En-
rollment in graduate schools is shown in Table 13. These
are classified into three types in accordance with their
functions and gods: professiond graduate schools, gen-
eral graduate schools, and open graduate schools. This
situation differsfrom Japanese graduate education, which
has no formal classifications and in which academic re-
search and professional training are not separated within
asingle system.

Professional graduate schools prepare students for
professiona careersin education, business administration,
public administration, and other fields. The academic de-
gree that the professional graduate schools confer is a
professional master’s degree. General graduate schools
am to fogter crestivity, initiative, and leadership in spe-
cidized academic disciplines. Genera graduate schools
award amaster of arts or master of science to those who
complete the graduation requirements. Students in doc-
toral programs at general graduate schools must have a
measter’ s degree or equivalent, a scholarly background in
their field of speciadization with some demonstrated re-
search experience, and recommendations from individu-
asin their field of specialization. Doctora degrees are
shown in Table 14.

DevELOPMENT AND REFORM OF HIGHER

EbucaTioN

The current higher education system was introduced
after the establishment of the Republic of Koreain 1948

Table 13. Enrollment in Korean graduate schools, as of 1997

Field Grand total Master's degree course :

Total General Professional Doctoral course

TOtAl v 151,358 128,097 60,634 67,463 23,261
HUMANItIES. ... 15,323 12,669 6,454 6,215 2,654
Social SCIENCES.......c.cvvveveunne. 36,251 32,639 9,674 22,965 3,612
Natural sciences..........cccocu... 50,802 39,778 29,377 10,401 11,024
Medical and pharmacy..........., 13,010 8,512 7,022 1,490 4,498
Arts and physical education.... 8,502 8,021 4,907 3,114 481
Teaching profession................ 27,470 26,478 3,200 23,278 992

SOURCE: Korean Ministry of Education, Statistical Yearbook of Education (Seoul, 1998).
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Table 14. Granting of doctoral degrees at Korean

universities, March 1996 to February 1997

TOtAL o 2,713
HUMANILES......c.ocveeireeeeseeeeennd 700
Social SCIENCES......cuverreeereirie i) 649
Natural SCIENCES........cccvrerererrierireeiernend 24443
Medical and pharmacy...........ccveereerernnens 1,120
Arts and physical education...................... 100
Teaching profession............ccccccvvvecernnen. 144

2 Doctorates in engineering total 1,420 and are included with
natural sciences.
SOURCE: Korean Ministry of Education, Statistical Yearbook of
Education, Seoul, 1998.

under the strong influence of the American system. Af-
ter going through hard times, the Korean higher educa
tion system experienced alarge quantitative expansion in
the 1960s and 1970s owing to remarkable economic
progress. Following a rapid expansion as in Japan, Ko-
rean education endeavored to emphasize and enhance
the quality of education, and the Fifth Republic clearly
established in the condtitution the ingtitutiondization of life-
long education. In addition, the republic set as one of the
nation’ stop priorities the formation of asound persondity
through education and reform of civil education, empha:
Sizing science and life-long education.

InMarch 1985, the Presidential Commission on Edu-
cational Reform was established under the direct super-
vision of the president.* To achievethe god, set forthina
1992-96 plan, of Educating Koreans as the Prospective
Leadersfor the 21st Century, the commission carried out
extensive studies through December 1987 and recom-
mended various kinds of reform measures, including re-
form of the school system, development of high-level man-
power in science and technology, and a drastic increase
in educational investment. The recommendations were
adopted and enacted consecutively; later, in May 1988,
the Advisory Council for Educationa Policy was inaugu-
rated as an advisory council to the minister of Education.

The 1990s have witnessed advances in education
through the redlization of quality education and educa
tional welfare. A particular concernisthe pursuit of quali-
tative, rather than quantitative, growth. The above-refer-
enced plan of Educating Koreans asthe Prospective L ead-
ersfor the 21st Century exemplifies the goals of Korean
education.

4Incidentally, Japan a so established aNational Council on Edu-
cational Reform during the same period (1984-87) under the strong
initiative of Prime Minister Nakasone; the recommendations of the
council still have a strong influence on current educational reform in
Japan.
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In response to the growing importance of science
and technology, the Ministry of Education recently initi-
ated a discussion on the further reform of the graduate
education system in Korea, which aims at further sup-
porting leading graduate schools by a reallocation of re-
Sources.

ForEIGN STUDENTS IN KOREA AND
KOREAN STUDENTS IN FOREIGN

COUNTRIES

The number of international students attending
higher educational institutes in Korea has increased
steadily in recent years. As of June 30, 1996, the total
stood at 2,143. (see Table 15.) By type of educational
ingtitution, about 40 percent of these foreign students at-
tended graduate schools at universities; the rest attended
undergraduate and other courses.

One of the features of doctorate granting for Kore-
ansisthat arelatively high percentageis granted Ph.D.s
by foreign universities. For example, there were 1,004
Koreans who obtained doctorates in science and engi-
neering a U.S. universities in 1995, compared to 2,444
science and engineering doctorates awarded by Korean
universities in the following year (see table 14 and NSB
1998). Thisisagreat contrast to Japan’ s situation, where
4,540 doctorates were awarded at Japanese universities
in 1995, while only 154 Japanese obtained doctorates in
science and engineering at U.S. universities that same
year (seetable 1 and NSB 1998). Table 16 indicates simi-
lar degree-earning tendencies regarding Korean univer-
sity faculties, although the data are not very recent.

CONCLUSION

Japan and Korea are now making efforts to adjust
their graduate education systemsto global levelsand qual-
ity standards, under the pressures of the ongoing
massification of higher education and of international
competition in scientific research. Both countries have
confronted the growing impact of Western culture and
civilization since the latter part of the 19th century and
havetried to establish their own higher education and sci-
entific research systems. The establishment of the Impe-
ria University at Tokyo in 1886 was one of Japan’ sstrong
responses.



Figure 4. The massification of Korean higher education
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Figure 5. Graduate enrollment in Korea, 1970-97
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aple oreig de d Oread e e
Nationality Total Undergraduate Graduate Others

2,143 1,279 803 61

49 44 4 1

58 27 31 0

486 181 291 14

14 9 5 0

395 242 149 4

130 99 1 30

28 27 1 0

444 398 37 9

299 130 169 0

240 122 115 3

SOURCE: Korean Ministry of Education, Statistical Yearbook of Education (Seoul, 1998).
able 16. Orig 0 e a adoctorates by co and field, 1983 (percentage
Field Korea |North America]  Europe Asia Others

L0 LU 61.1 21.9 8.7 8.0 0.3
HUMANItIES......coovvvrcenn, 39.2 38.3 15.7 6.5 0.3
Social SCIENCES.......vverirririririinens 47.2 36.4 11.6 47 0.2
SCIENCE. oo 535 29.7 6.0 94 04
ENgiNEering.......cocvvevveneereeeineenens 56.8 19.1 10.3 13.6 0.2
LINQUISHCS.....voevrvreereieeieierineinienas 60.1 14.1 18.9 6.6 0.1
Business administration 65.5 26.1 54 3.0 0.0
Arts and physical education........... 24.6 60.7 11.5 3.3 0.0
FISREMV....voecciree s 53.0 6.1 19.7 21.2 0.0
MEdICINE. ... 90.2 37 1.6 4.4 0.1
AQrCURUre. oo 63.4 14.7 3.9 17.1 0.9

SOURCE: Lee, S.H., "The Emergence of Modern Univeristies in Korea," in P.G. Altbach, ed., From Dependence
to Autonomy: The Development of Asian Universities, pp. 312-47 (1993).






REFERENCES

Gumport, P.J. 1993. Graduate Education and Imperatives,
Views From American Campuses. In B.R. Clark, ed.,
The Resear ch Foundation of Graduate Education, pp.
261-93. University of California Press.

Korean Ministry of Education. 1996. The Korean Edu-
cation System, Background Report to the OECD. Seoul.

. 1997. Satistical Yearbook of Education. Seoul.

Lee, S.H. 1993. Kankoku ni Okeru Kindai Daigaku
no Tojo (The Emergence of Modern Universitiesin Ko-
rea). In P.G. Altbach, ed., From Dependence to Au-
tonomy: The Development of Asian Universities, pp.
312-47. Japanese trand ation.

Ministry of Education, Science, Sports, and Culture
(Monbusho). 1996. Japanese Government Policies in
Education, Science, Sports and Culture, 1995. Print-
ing Bureau, Ministry of Finance.

National Science Board (NSB). 1998. Science & Engi-
neering Indicators — 1998. NSB-98-1. Arlington, VA:
National Science Foundation.

Nationa Science Foundation (NSF). 1997. The Science
and Technology Resources of Japan: A Comparison
With the United States. NSF 97-324. Arlington, VA.

Umakoshi, T. 1995. Kankoku Kindai Daigaku no
Seiritsu to Tenkai (The Formation and Devel opment
of Korean Modern Universities). Nagoya University
Press.

Y amamoto, S. 1996. Graduate Schoolsin Japan From the
Perspective of Academic Research—An Analysis of
Factors for Their Growth in the Context of the
Massification of Higher Education and Sophistication of
Research. Written in Japanese, summarized in English.
University Sudies 15:1-287.

. 1997. The Role of the Japanese Higher Educa-
tion System in Relation to Industry. In A. Goto and H.
Odagiri, eds., Innovation in Japan, pp. 294-307. Oxford
University Press.






GRADUATE EpucaTioN REFORMS AND |NTERNATIONAL

MOBILITY OF SCIENTISTS AND ENGINEERS IN TAIWAN
Yugui Guo

HistoricaL ReviEw

Talwan, an idand off the southeast of mainland
China, is one of the most densely populated areas in the
world: 35,873 square kilometersin size with more than 21
million inhabitants. Taiwan was part of China before it
was ceded to Japan in 1895. During the 50 years of Japa-
nese occupation, a Western-style system of education was
first introduced into Taiwan viathe Japanese (Chen 1997).
One university, one high school, and three junior colleges
were established during that time. The enrollment was
very small, and the function of these ingtitutions was to
provide aresearch capability and high-level manpower in
support of Japan’s policies of colonization and expansion.

At the end of World War Il in 1945, Taiwan was
restored to China. The idand’s educationa system was
soon replaced by the one adopted on the mainland since
1922, which mainly followsthe American prototype (Chen
1997). After the Chinese National Party moved its seat
to Taiwan in 1949, Chinese educationa policy was im-
posed on theidand more thoroughly than before and Japa:
nese influence diminished further.

Since then, Taiwan has developed rapidly. To meet
the needs of immediate economic development and the
growing demand for skilled human resources, higher edu-
cation expanded rapidly between the 1950s and 1980s.
Tables 1 and 2 show that, during thisinterval, the number
of tertiary ingtitutions increased by afactor of 15 (from 7
in 1950-51 to 107 in 1987-88), while enrollment swelled
54 times (from 6,665 in 1950-51 to 362,001 in 1987-88).
Graduate enrollment increased from amost nothing in
1950-51 to 15,121—including 12,426 master’ s degree stu-
dents and 2,695 doctora students—in the 1987-88 aca-
demic year. This rapid expangon in higher and graduate
education was driven by many forces, including the de-
velopment of secondary education; the needs of a grow-
ing college-age population for higher and advanced edu-
cation; and, most important, the takeoff of the economy
since the 1970s. This last gave a great impetus to higher
and graduate education in Taiwan.
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Table 1. Number of tertiary institutions in Taiwan

(1950-88)

Type of Institution
Academic year | Universities and| | .
colleges Junior colleges | Total
1950-51......ccveenn) 4 3 7
1960-61..............n) 15 12 27
1970-71...ccvnnn] 22 70 92
1980-81...............] 26 I 103
1987-88...............] 39 68 107

SOURCES: Ministry of Education, Educational Statistics of the
Republic of China, 1997, pp. 2-5. Shun-fen Chen,
“Taiwan,” in Philip G. Altbach, Editor, International Higher
Education: An Encyclopedia (Garland Publishing, Inc.,
1991), pp. 550-51.

Table 2. Enrollment at tertiary institutions in Taiwan

Academic Master's| Doctorate| Undergraduate unior Total
year college?!

1950-51.... 5 5374 1,286 6,665

1960-61.... 426 11 26,737 7,888 35,060

1970-71...] 2,129 166 92,850( 55,301] 150,446

1980-81...] 5,633 673 153,088)105,246f 264,640

1987-88...] 12,426 2,695 192,933)153,947] 362,001

# First-, second-, and third-year students at 5-year junior colleges are
excluded.

SOURCES: Ministry of Education, Educational Statistics of the ROC , 1997,
pp. 2-5. Shun-fen Chen, “Taiwan,” in Philip G. Altbach, Editor,
International Higher Education: An Encyclopedia (Garland
Publishing, Inc., 1991), pp. 550-51.

CURRENT SYSsTeEM

Higher and graduate education in Taiwan have wit-
nessed a remarkable development since the mid-1980s.
This development has been coupled with a series of po-
litical, economic, and socid reforms that emerged with
and were affected by changes in domestic and interna-
tional contexts.

Higher educationin Taiwan isoffered by threetypes
of ingtitutions: (1) junior colleges, (2) independent colleges,
and (3) universities. By 1997, there were a total of 67



junior colleges, 44 independent colleges, and 26 univers-
ties. Junior colleges provide 2- to 3-year programs lead-
ing to a diploma (smilar to the American associate de-
gree in terms of academic standards). Those with only
one or two schools are called independent colleges. Uni-
versities consist of at least three colleges (or schools).
Both independent colleges and universities offer 4-year
programs leading to a bachelor’ s degree. Many of them
also offer master’ s-level programs, and some offer doc-
tora-level programs, depending on the academic perfor-
mance of the department concerned. In the 1996-97 aca-
demic year, 67 independent colleges and universities of-
fered bachelor’ s-level training. There were 536 master’s
programs and 116 doctoral programsin these universities
and independent colleges. Four-year undergraduate en-
rollment hasincreased by 75 percent over the past 9 years
(from 192,933 to 337,837), while enrollment in master’s
and doctoral degree programs has risen to 35,508 and
9,365—2.6 times and 3.5 times the figures for the 1987-
88 academic year, respectively.

One of the characteristics of the Taiwan higher edu-
cation system is that there are more private ingtitutions
than public ones. In 1997, out of 137 colleges and univer-
Sities, 51 are public and 86 are private (Li 1997). How-
ever, of 24 universities, 16 are public and 8 are private;
out of 43 independent colleges, 21 are public and 22 are
private (Ministry of Education 1997). The universtiesare
al comprehensive in nature, while the independent col-
leges generally focus on specific disciplines such as fine
arts, medicine, technology, and teacher training. Among
the 4-year indtitutions, publicingtitutions are preferred over
private by most students because the faculty qualifica
tions of the former are usualy better. In addition, tuition
ratesin the public sector are one-third thosein the private
sector. For example, in the 1996-97 academic year, the
public ingtitutions enrolled 25,423 master’s degree stu-
dents and 8,288 doctoral degree students, while the pri-
vate sector ingtitutions enrolled 10,084 master’s degree
students and 1,077 doctoral degree students. Recently,
the Ministry of Education proposed that private univers-
ties with limited resources concentrate their efforts on
the teaching of undergraduate students. This can be in-
terpreted as a governmental intention to develop a policy
of sratification, with public ingtitutions emphasizing both
graduate programs and research activities, and private
ingtitutions emphasi zing undergraduate teaching.

(GGOVERNANCE AND FINANCE

According to the congtitution of Taiwan, the state
has the power to supervise educational ingtitutions at all
levels. Thus, higher education in Taiwan has for a long
time been marked by strong centrdization. The ingtitu-
tions of higher learning are regulated with little flexibility.
Almost every palicy regarding higher education is made
by the central government.

The Ministry of Education not only approves the
establishment of new ingtitutions, departments, and pro-
grams, but aso controlsthe size of enrollment, tuition rates,
required courses, minimum graduation credits, and other
factors at dl indtitutions, both public and private. Presi-
dents of public ingtitutions are chosen and appointed by
the Ministry of Education. Those of private ones are ap-
pointed by their board of trustees with the approva of the
Ministry of Education. As most of Taiwan's university
presidentsare closaly connected with the ruling party, and
many of them were former government officials, the
government’ s control of the presidency often resultsin a
degree of politicization on campus.

All public colleges and universities receive govern-
ment funding. Public ingtitutions receive their annua bud-
getsfrom the government with specific amountsfor each
budget category, and tuition collected from students must
be returned to the government. For private ingtitutions,
the mgjor source of income is tuition. Government subsi-
dies to them are limited, usudly up to 15 to 20 percent
depending on the efficiency of education and overal ac-
creditation each year. In 1997, the total expenditure of
government on education reached US$15.3 billion, more
than 5 percent of the gross national product (GNP).

Thereason that al public schools are entitled to full
support derives from the congtitution. Article 164 of
Taiwan's condgtitution states: “ Expenditures of educational
programs, scientific researchesand cultural services shall
not be, in respect of the Central Government, lessthan 15
percent of the total national budget; in respect of each
province, less than 25 percent of the tota provincia bud-
gets, and 35 percent in thelevel of municipality or county”
(Li 1997). This provision financidly and legaly guaran-
tees the devel opment of higher education.



The centralized character of the higher education
systemn has been widely criticized; beginning with the po-
litica reforms of 1986—especiadly since the lifting of
martial law in 1987—Taiwan’s higher education system
has gradually been transformed. The promulgation of the
newly revised University Act in early 1994 further laid a
legd foundation for decentralization and depoliticization.
According to this new act, the relationship between the
government and universities has been changed, with more
autonomy granted to universities. Thethreemgjor reforms
are asfollows (Li 1997):

* University autonomy. Under the newly imple-
mented educational reform policy, the main func-
tion of the Ministry of Education isto “oversee”’
and “guide’ universties instead of “governing”
them, and al public universities have been granted
theright of self-governance. Specificaly, univer-
Sty presidents will no longer be appointed by the
Ministry of Education, but selected either by a
search committee or by votes from al faculty
membersin the university. However, the Univer-
sty Act still specifiesthat the Ministry of Educa
tion holds find power over the appointment of
presidents of national universities (Law 1995).
Deans, chairpersons, and new faculty members
to be employed are also determined by the fac-
ulty. Original core courses are no longer manda:
tory, depending on the decision of the curriculum
committee of the faculty senate of the university.

* Diversifying budgets. The Ministry of Educa-
tion will no longer dlocate the complete budget
to each public university. Instead, support will be
limited to an dlocation of a ceiling of up to 80
percent of the total overall budget requested for
agiven fisca year. Each ingtitution must under-
take effortsto raise funds and find resourcesfrom
the society at large, rather than being solely de-
pendent on the government.

* Transfer of credits. A new policy on the trans-
fer of credits has aso been approved under the
current reform campaign. Students do not have
to restrict themselves to a single university, but
are now allowed to take courses at other univer-
sities, if time permits. They are even alowed to
transfer credits earned overseas during summer
programs on the condition that the corresponding
university is an accredited ingtitution of higher
learning.

These reforms have reflected the trends of decen-
tralization, democratization, and internationalization of
higher education in Taiwan in the past severa years. As
aresult, the higher education system is becoming decen-
traized to a large extent, dthough al ingtitutions ill re-
ceive budgets from the Ministry of Education. As the
budget of a public ingtitution is to come from diversified
sources, there will be a greater chance for institutional
autonomy. Allowing studentsto travel overseasto take a
few coursesaspart of their university studieswill broaden
their international perspective and better enable them to
fulfill their educationa gods.

DEGREE STRUCTURE AND GGRADUATE

TRAINING

The degree structure and model of graduate train-
ing in Taiwan were introduced from the United States.
The levels of academic degrees are connected with the
different phases of Taiwan's higher education. The aca-
demic degrees are divided into three categories: bachelor’s
degree, master’ s degree, and doctorate degree (Ministry
of Education 1995 and 1997).

BACHELOR’ s DEGREE

After taking the highly competitive Joint Entrance
Examination set each year by a board composed of uni-
versity presidents, successful high school graduates are
assigned to a university based on their preference and
examination results. Once they are admitted to universi-
ties, they have to take 128 credits over 4 years, which is
the minimum requirement for completion of abachelor’'s
degree. Though course content generally tends to be
closely focused on a student’s mgjor subject, there is a
current trend toward a wider choice of electives. The
bachelor of medicine degree requires 7 years, the bach-
elor of dentistry 6. Some law and architecture depart-
ments require 5 years.

MASTER’' s DEGREE

Master’ s degree programs admit university/college
graduates, including 3-year junior graduates with 2 years
of job experience and 2-year and 5-year junior graduates
with 3 years of job experience, to receive education for 2
to 4 years. For the master’ s degree, 24 credits and athe-
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ssare generdly the minimum requirements, followed by
a written examination and an oral defense. A minimum
residence of 2 yearsis required.

DocToraTE DEGREE

The doctoral degree programs admit those having a
master’ s degree and university/college graduates major-
ing in medicine who have received professional medical
training for aminimum of 2 years. At least 18 creditsand
adissartation are the minimum requirements, together with
awritten examination and an oral defense. The doctoral
degree usually takes 4 to 6 yearsto complete. To achieve
thegod of life-long educeation, many universitiesand gradu-
ate institutes create advanced education opportunities by
offering various in-service training programs.

The current degree structure and graduate training
are undergoing two important changes. The Ministry of
Education is planning to establish an associate degree for
graduates of junior colleges and to create master’s de-
gree programsfor in-service employeesin 1999 (Cultural
Division of Taipe 1998, pp. 24 and 28). These reforms
will encourage more people to pursue college studies and
increase enrollments in both junior colleges and master’s
degree programs.

In Taiwan, students wishing to enter a doctora de-
gree program must pass an entrance examination con-
ducted by the university. Since 1990, a specid program
has al so been available through which studentsin master’s
degree programs may apply for direct admission to the
doctoral program in their respective ingtitute. They must
have earned a grade point average of 85 or higher for
their first year of study,* be ranked in the top one-third of
their class, and have shown a strong capacity for inde-
pendent research. In addition to the regular full-time stu-
dents, some qudified students from government and in-
dustry are enrolled in doctora programs through on-the-
job training programs sponsored by their respective em-
ployers. Most of them are part-time students. Like the
regular full-time students, they must pass the entrance
examination to becomedigiblefor enrollment in the gradu-
ate programs and must successfully complete the gradu-
ate program requirements to earn the degree.

Thegrading scaleisfrom 0to 100 at all levels. Many universi-
ties and colleges use the following scale on their English transcripts:
85-100= A, 70-84 = B, and 60-69 = C. The minimum passing scoreis
60 for undergraduate students and 70 for graduate students.

0

To become forma candidates for the doctoral de-
gree, graduate students must pass a qualifying examina
tion. In most universities, students who do not pass the
qualifying examination within 2 or 3 years after entering a
doctoral program are dismissed from the university. In
addition to their coursework, graduate students are also
involved in research projects sponsored by the National
Science Council, other government entities, or industry.
These research projects are carried out under the super-
vision of advisors, and usualy serve as an exploratory or
feasbility study that sometimes is a potential framework
for the students' doctoral dissertations.

For each doctord enrollment, the Ministry of Edu-
cation subsidizes about US$150 for operating expendi-
turesand US$1,200 for expenditures on books, equipment,
and facilities; these go directly to the ingtitution. Thus,
graduate students only pay part of their overal educa
tional cost by meeting the tuition and miscellaneous fees,
which amount to about US$550 per semester. Further-
more, al full-time doctoral studentsreceiveamonthly sti-
pend of about US$300, and thetop 10 percent are awarded
a scholarship of US$550 for the first 3 years, which is
provided by the Ministry of Education (Chang and Hsieh
1997). The doctoral degree awarded by universities in
Taiwan is aresearch degree certifying that the recipient
has the capability and training needed to engage in inde-
pendent scholarly work.

ExransioN oF GRADUATE EDUCATION

Graduate education in Taiwan haswitnessed arapid
expangion in the past 20 years. Table 3 and figure 1 indi-
catethat, from 1975-96, total enrollment increased 10 times
while enrollments of master’ s students and doctora stu-
dents increased 9 times and 30 times, respectively. This
striking development has been attributed to various fac-
tors, including rapid economic and scientific growth, uni-
versal secondary education, growing demand of college-
age cohort for higher education, and other factors. How-
ever, the most important driving force is the politica re-
form that occurred in 1987, which resulted in a quite re-
markable growth in graduate enrollment over the next 9
years. In 1996, 35,508 master’s students—2.5 times as
many as in 1988 (14,119)—were enrolled; doctora en-



rollment had dmogt tripled during the same period, risng
from 3,222 to 9,365. Since doctord enrollment showed
even faster development, its proportion increased in the
degree structure. Before 1988, the enrollment ratio of

master’s to doctoral students was aways more than 10
to 1. After 1988, the dituation changed: in 1996, the ratio
was only 3.5:1.

Table 3. Graduate enrollment in Taiwan, 1975-96

Year 1975 1978 1980 1983 1985 1988 1990 1993 1996
Total enrollment...........ccccoevenee. 3,912 5,442 6,306 9,647) 12,418 17,341 22372 35830 44,873
Master's students................ 3,614 4974 5,633 8427 10,638 14,119 17,935 28,117| 35508
Ph.D. students 298 469 673 1,220 1780 3,222 4437 7,713 9,365

SOURCE: Ministry of Education, Educational Statistics of the Republic of China, 1997, pp. 20-21.

Figure 1. Graduate enrollment in Taiwan, 1975-96
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HomEe- AND U.S.-AWARDED

DoctoraL DEGREES

Asin most other developing and newly industridiz-
ing economies (NIEs), graduate education in Taiwan, es-
pecialy doctoral training, has been lagging behind the
economy in terms of its rate and level of development.
Graduate education needs aheavier investment than edu-
cation at any other level. In addition to financid support, a
higher development level of scienceand technology (S&T)
isnecessary to ensure the quality and standards of gradu-
ae education. Graduate education is closdly linked with
and conditioned by the development of the national
economy. For example, before 1967, Taiwan had a per
capita GNP of as low as about US$260. There were no
doctoral programs at Taiwan universities, only 170
master’s programs. However, when Taiwan had a per
capita GNP of US$964 in 1975, 90 doctoral programs
had already been created at Taiwanese universities, and
32 doctoral degrees were awarded in that year. Though
doctoral education developed steadily in thefollowing 20-
year period—for example, in 1995, there were 578 doc-
tora programs nationwide, and 1,053 doctora degrees
were awarded—compared with some other developed
countries, the establishment of doctord training in Tai-
wan is till small and weak. Despite its growth, the num-
ber of students seeking graduate education abroad, and
efforts to entice them to return, is evidence that doctoral
education in Taiwan far from satisfies the needs of eco-
nomic devel opment and the demands of young people for
advanced studies.

A mgjority of Taiwanese students go to the United
States; table 4 and figure 2 show that the total number of
doctora degrees (9,847) awarded by American universi-
tiesto students from Taiwan isas much astwice the num-
ber (4,481) awarded by Taiwanese universitiesin the past
20 years. The United States provides approximately 77
percent of Taiwan's doctoral degrees in natural science
and engineering (S& E) (NSF 1993, p. 25). However, Tai-
wan built up its advanced degree capability and expanded
its doctoral-levd training in the mid-1980s. The recent
trend shows that the number of home-awarded doctoral

degrees has been approaching that awarded in the United
States. In 1995, the number of U.S.-awarded doctoral
degrees decreased for thefirst time, dropping from 1,576
in 1994 to 1,485 in 1995.

S& E FIELD-OF-STuDY STRUCTURE OF
HomEe-AWARDED GRADUATE

DEGREES

Asnoted previoudy, centrdization isone of themgjor
features of Taiwan's higher education system. The gov-
ernment controls enrollmentsin each field and directs the
development of higher education to meet the needs of
society. As early as the 1950s and 1960s, the Taiwanese
higher education structure was biased toward the humani-
ties and socia sciences rather than science and technol-
ogy, as the economy in Taiwan was il labor intensive.
The Ministry of Education was influenced by a 1962
Stanford report which suggested that in the 1960s there
would be asurplus of graduates from the humanities and
socia sciences, but a shortage from S&T (Law 1996).
Since then, the government has been channeling students
into such marketable fields as engineering, natural sci-
ences, and—more recently—business.

The datistics in table 5 and figure 3 show that the
percentage of master’s degrees awarded in the socia
sciences (out of al S&E fields) dowly decreased from
13 percent in 1975-80 to 10.1 percent in 1991-95, while
that of doctorates dropped from 11.1 percent to 7.4 per-
cent. On the other hand, the share of master’s degrees
awarded in the natura sciences and engineering (out of
al S&E fields) dowly increased from 67.9 percent in
1975-80 to 71 percent in 1991-95, while that of doctor-
atesrose from 70 percent to 74.4 percent. Within thefive
broad S&E fields, engineering has consistently had the
largest degree population in the past 2 decades. During
the period 1991-95, the proportions of master’s and doc-
toral degreesin engineering reached 55 percent and 56.1
percent, respectively. Natura sciencesranked second after
engineering, with proportions of master's and doctoral
degreesof 16 percent and 18.3 percent, respectively. The

Table 4. Ph.D. degrees awarded at home and in the United States, 1975-95

Year 1975 1980 1985 1988 1990 1992 1993 1994 1995 Total
Total Ph.D. degrees.................. 580 519 994 1231 1,667 2,109 2,264 2,424 2,538 14,326
Awarded in Taiwan..............., 32 64 161 319 518 678 808 848| 1,053 4,481
Awarded in United States...... 550 455 833 912) 1149 1431 1,456 1576 1485 9,847

SOURCE: Ministry of Education, Educational Statistics of the Republic of China, 1997, pp. 24-5; and National Science Foundation, Division of Science

Resources Studies, Survey of Earned Doctorates.
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Figure 2. Ph.D. degrees awarded at home and in the United States, 1975-95
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SOURCE: Ministry of Education, Educational Statistics of the Republic of China, 1997, pp. 24-5; and National Science Foundation, Division of
Science Resources Studies, Survey of Earned Doctorates.

proportions for agricultural science used to be higher be-  aly dropped. In the period 1991-95, the shares of master’s
forethe mid-1960s. After Taiwan began industrializingin  and doctoral degreesin agriculture were 8.4 percent and
the late 1960s, the percentage of agriculturedegreesgradu- 9.6 percent, respectively.

Table 5. S&E field-of-study structure of master’s and doctorate degrees awarded in Taiwan, 1975-95

Total S&E Somalland . Math. and L Agricultural
Year behavioral Natural sciences . Engineering .
degrees . computer science science
sciences
Number| Percent Number| Percent Number| Percent Number| Percent Numberl Percent Number| Percent
Master's degree
Total....c.covren 63.399| 100.0] 8276 13.0] 10,930 17.2) 6,141 9.7] 32,148 50.7] 5.904 9.3
1975-80....... 6,333 100.0] 1,304 20.6| 1,478 23.3 548 8.6] 2127 33.6 876 13.8
1981-85....... 9,404 100.0] 2,083 2211 1,780 18.9 646 6.7] 3,988 42.4 907 9.6
1986-90....... 17,175 100.0] 1,817 10.6] 2,796 16.3 1,740 10.1] 9,259 53.9] 1,563 9.1
1991-95....... 30487] 100.0] 3,072 10.1] 4,876 16.00 3,207 10.5] 16,774 55.0] 2,558 8.4
Doctorate degree
Total......covrenee 4,164| 100.0 464 11.1 732 17.9 322 7.71 2183 52.4 463 11.1
1975-80....... 139 100.0 43 30.9 25 18.0 2 14 40 28.8 29 20.8
1981-85....... 345 100.0 77 22.3 55 15.9 14 4.0 134 38.8 65 18.8
1986-90....... 1,105/ 100.0 154 13.9 181 16.4 83 75 564 51.0 123 111
1991-95...... 2575] 100.0 190 74 471 18.3 223 8.7] 1445 56.1 246 9.6

SOURCE: National Science Foundation, Division of Science Resources Studies, Survey of Earned Doctorates.
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Figure 3. S&E field-of-study structure of master’s and doctorate degrees awarded in Taiwan, 1975-95
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Theissue of governmenta intervention in the devel-
opment of higher education has been controversid. Since
economic development has been at the top of the
government’s agenda, it has been an important factor in
determining graduate enrollment in different fields. Al-
though many people in Taiwan believe that higher educa
tion should be geared to the nation’s economic develop-
ment, the government has been criticized for being too
involved in the projected technical manpower needs of
society, and thus overl ooking the importance of the socia
sciences and humanities. Critics argue that policies re-
garding changesin higher and graduate enrollments need
to be made on abroad basis, taking the socia and cultura
development of the nation into congderation (Chen 1991).

OVERSEAS STUDY AND | NTERNATIONAL
MOBILITY OF SCIENTISTS AND

ENGINEERS

The phenomena of study abroad and internationa
mobility of scientists and engineersin Taiwan are corre-
lated and have been affected by many societa factors.
For example, it is a Chinese tradition that parents are re-
spected and honored if they avail their children of ad-

vanced education or oversess study. Thus, the demand
for higher education in Taiwan has been growing in the
past 4 decades. However, due to the small and limited
higher education establishment, aswell aspolitica restric-
tions, there are limited opportunities for higher and gradu-
ate study in Taiwan. Students mainly study abroad to ful-
fill their own and their parents’ ambitions. American uni-
versities enroll ahuge magjority of them (over 90 percent)
and account for approximately 77 percent of Taiwan's
doctora degreesin natura sciences and engineering (NSF
1993).

The steady annual increase of students from Tai-
wan between 1950 and 1997 is shown in figure 4. In the
peak year of 1994, 37,581 Taiwanese students were en-
rolled in 921 accredited colleges and universities in the
United States. In 1995 and 1996, enrollment dropped to
32,702 and 30,487, proportionally reflecting the decrease
of advanced students coming to the United States. These
students instead chose to study in Taiwan. A large num-
ber of Taiwanese students have chosen to stay and work
in America upon successful completion of their studies.
Some of them have become naturalized American citi-
zens, taking challenging, well-paying positions in various
sectors ranging from higher education and research or-
ganizations to well-recognized business corporations (Li
1995).
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Figure 4. Taiwanese students studying in the United States, 1950-97
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1998, p. 28; Chen-ching Li, “Returning Home After Studying in the USA: Reverse Brain Drain in Taiwan,” Cultural & Educational Digest,
pp. 20-24. Cultural Division of Taipei Economic and Cultural Representative Office in the United States, Cultural & Educational Digest,
1995; and Chen-ching Li, “Toward a Rejuvenated National Goal: Reform and Internationalization of Higher Education in Taiwan,
Republic of China,” Cultural & Educational Digest, pp. 34 - 42, Cultural Division of Taipei Economic and Cultural Representative Office

in the United States, 1997.

Figure 5 shows the historical trends of Taiwanese
students entering and leaving the United Statesin the pe-
riod between 1971 and 1997. Until the 1990s, Taiwan had
suffered a serious “brain drain” for aimost 40 years. It
was reported that, between 1950 and 1980, the Ministry
of Education issued approvals to 63,061 college gradu-
atesto study abroad; only 7,240 of them returned. During
this period, the brain drain from students not returning
from study abroad reached a high of 90 percent. The
brain drain dowed gradualy in the 1980s: it decreased to
80 percent between 1981 and 1987 (Chen 1991).

However, it was only at the end of 1980s that Tai-
wan started to benefit from itsinternationa students and
their connection. A return flow of American-trained sci-
entistsand engineers has occurred in recent years. There
are anumber of societal variables that appear to account
for this change. The most important variable is the
economy. The statistics in figures 5 and 6 show a close
correlation between economic development and return
flow. The strong increase of per capita GNP since the
late 1980s put Taiwan in the group of NIEs. Rapid eco-
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nomic development has offered a great number of job
opportunitiesfor returning studentswith advanced degrees
and professional expertise. The nationwide Ten Construc-
tion Project infrastructure devel opment, together with the
establishment of the Hsinchu Science-Based Industrial
Park in 1980, has opened many new avenues for young
returned students to start new challenging careers. Ac-
cording to the 1994 annual report of the Science-Based
Industrial Park, 1.05 percent of the employeeshold Ph.D.
degrees, 10.08 percent have master’ sdegrees, and 17.92
percent have bachelor’'s degrees. Of the total 34,564
employees hired to work in the Science-Based Industrial
Park, a large number of junior professionas were from
the United States (Li 1995).

The political situation isthe second important factor
that has affected study abroad and the international mo-
bility of scientists and engineersin Taiwan. As Tawan's
international statusisunusud, itsdevelopment hasalways
been affected by the triangular relations among the
People' s Republic of China (PRC), the United States, and
Taiwan itsdf. For example, in 1972 there were 367 Stu-



Figure 5. Taiwanese students entering the United States versus returning to Taiwan, 1971-97

16,000
™ ™ ™ Returning from United States
14,000 Going to United States
N /A\J
10,000 /
< 8,000
z J
6,000 o =~
- - =
/ Fe N
4,000 7 X
V4 \
1 4 AN
2,000 T~~~/ -
L4 - - -
-------- -
0 T T T T T T T T T T T T
1971 1972 1973 1978 1980 1982 1985 1988 1992 1993 1994 1995 1996 1997
Year
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of China, 1997, pp. 54, 56-57, 60; Chen-ching Li, “Returning Home After

Studying in the USA: Reverse Brain Drain in Taiwan,” Cultural & Educational Digest, pp. 20-24 Cultural Division of Taipei Economic
and Cultural Representative Office in the United States, Cultural & Educational Digest, 1995a; and Cultural Division of Taipei Economic
and Cultural Representative Office in the United States, June 1998, p.11.

dents with advanced degrees going back home. How-
ever, the so-called “Nixon Shock”? of 1972 caused the
number to drop from 367 to 276 the following year (Li
1995). The political impact lingered for amost a decade,
continuing even when former president Carter announced
normalization of relations between the United States and
the PRC in 1978: this was followed by an immediate de-
cline in the number of returning students from 431 to 331
in that year. Only when the U.S. Congress enacted the
Taiwan Relations Act in 1979 did the number of returning
students gradually begin to rise. In 1987, coupled with an
economic boom, Taiwan lifted martia law and some other
restrictions, and the number of returning students soared
from 1,977in 198810 4,674 in 1992. It |ater reached 5,700
in the pesk year of 1994.

2 Under the secret and careful arrangement of Dr. Henry
Kissinger, former president Richard M. Nixon paid avisit to Chinain
1972 and signed the historic Shanghai Communiqué, stating that the
United States acknowledged that there is only one China, and that
Taiwan is part of China. The abrupt U.S. recognition of the PRC
shocked the whole world - especially Taiwan - with an unpredictable
political impact.

After 1995, however, the number of returning stu-
dents dropped sharply to 2,185 in 1996. The reasons for
this decline in returning students seem complex. There
are three possible explanations. First, the job market in
Taiwan for returning studentsis not as exciting as it was
before 1992. The returnees had to compete for fewer
jobs. Second, the economy in America has steadily im-
proved in recent years, providing more job opportunities.
Third, but not necessarily least, isthe fact that the decline
could be attributed to the military crisis on the Taiwan
Strait in 1996.

At the same time that the return flow increased, the
Taiwanese government lifted restrictions governing stu-
dents going overseas and alowed high school graduates
to go abroad to pursue undergraduate studies. As are-
sult, the number rose from 6,382 in 1988 t0 12,936in 1992.
After that, as Taiwan increased its internal capacity for
graduate education in science and engineering, more and
more students decided to stay home for graduate studies
instead of traveling abroad. A recent rise is probably at-
tributable to two factors. One is the growing number of
graduates from junior colleges and high schools applying



Figure 6. Per capita GNP in Taiwan, 1955-95
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for undergraduate programs, or only for summer sessions,
in American universities. The other may be the affect of
unstable relations with mainland China, especidly during
and after the military crisis on the Taiwan Strait in 1996.

Specid mention should be made of the role of the
Talwanese government in attracting the return of students.
The government has made a concerted effort to attract
back S& T personnel educated in the United States. Its
Manpower Planning Department assesses required man-
power with advanced degreesfor Strategicindustries, plans
for recruitment from abroad, and expands S& T univer-
sty education in Taiwan accordingly (NSF 1993). The
government has aso set up the Nationa Y outh Commis-
sion, ffiliated with the Executive Y uan (whichislike the
cabinet) to recruit university graduates with Ph.D. and
master’s degrees to join in nationa development. The
commission offersasubsidy in airfarefor both the gradu-
ating student and his’her spouse, plus up to two children,
if they decide to go back to Taiwan for career develop-
ment. The commission has established channels of com-
muni cation with overseas scholars so they can berecruited
more easily when their services are needed. By the end
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of January 1998, a total of 15,914 students and profes-
sionas abroad had joined the commission’ s database net-
work (Culturd Divison of Taipe 1998, p. 13).

Besides attracting foreign-educated students to re-
turn home, Taiwan also imports S& T through the recruit-
ment of foreign scientists and engineers, particularly from
developed countries, to work in Taiwan. Since the pro-
mulgation of the “Guidelines for Long-Range Develop-
ment of Science” in 1959, overseas scientists and engi-
neers have been brought into Taiwan’s higher education
system as special-chair lecturers, nationa research pro-
fessors—to guide research work and hold research semi-
nars on ayearly contractual basis—or as visiting profes-
sors to give lectures on a short-term basis. The demand
for overseas scientists and engineers increased sharply
when Taiwan began industridizing: 413 expatriate scien-
tists were employed between 1963 and 1970, and 2,783
between 1971 and 1980. In 1987, 399 foreign expertswere
invited to teach or supervise research work in Tawan's
higher education ingtitutions. Meanwhile, “severa top
mainland scientists and engineers were employed to do
research in Taiwan after it resumed non-diplomatic (in-



formal) relations with mainland China in the late 1980s’
(Law 1996). According to the latest report, beginning
Jduly 1, 1998, Taiwan will lift more redtrictions in order to
import more scientists and engineers from abroad and
from mainland China (Cultura Division of Taipei 1998, p.
15).

Toincreaseitsinternational involvement, Taiwan has
aso provided scholarships for internationa scholars, re-
searchers, and studentsto study in Taiwan. The historical
trend is shown in figure 7. Currently, over 5,000 foreign
students are studying at Taiwan’'s colleges and universi-
ties. Most of them are enrolled in the fields of the hu-
manities, socia sciences, and languages. Recently, the
Ministry of Education has decided that, starting with the
1998-99 academic yesr, it will provide ascholarship (with
each person receiving about US$5,000 each month) to 20
foreign professors and researchers and 100 foreign stu-
dents each year to encourage them to conduct research
or study in Taiwan (Cultura Divison of Taipe 1998, p.11).

CONCLUSION

In the past 40-plus years, higher and graduate edu-
cation in Taiwan have experienced rapid development.

Sincethe palitical reform that took placein thelate 1980s,
Taiwan'shigher education system has gradualy turned to
decentralization, democratization, and internationaliza-
tion. However, the higher education system in Taiwan is
relatively small, and it remains dependent on other coun-
triesfor much of its advanced training. For economic and
political reasons, many students remained abroad after
they completed their studies for many years, and Taiwan
used to suffer from a significant brain drain; things have
changed, however, in recent years. The rapid economic
development in Taiwan offers a great number of job op-
portunities for returning students with advanced degrees
and professional expertise. More and more students re-
turn home, and Taiwan has benefited from the reverse
flow of its overseas students and researchers in recent
years. Countering thistrend, however, have been interna
tiona politics affecting overseas study and the interna-
tional movement of scientists and engineers in Taiwan.
Thisinfluencewill continue aslong astheissue of Tawan's
relationship to the PRC remains unresolved. Finaly,
whether the Asian economic crisis of 1998 will affect
patterns of overseas study and the movement of scien-
tists and engineers in Taiwan should be monitored.

Figure 7. Foreign students in Taiwan, 1955-96
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HiGHER EDuUcCATION IN FRANCE AND

THE INTERNATIONAL MIGRATION OF SCIENTISTS
Dominique Martin-Rovet, Damien Terouanne, Jean-Baptiste Thibaud, and Elizabeth Neher

THE FRENCH SysTEM OF HIGHER
Ebucation

THE CURRENT STUATION: A FRENCH
ORIGINAL

One of the mgjor reasons for the complexity of the
French system lies in the dichotomy, unique in Europe,
between its universities and the dlite Grandes Ecoles.
This coexistence of two different types of ingtitutions arises
from historical circumstances. In the 18th century, the
political establishment, which was wary of the Church’s
power over the university, founded the Grandes Ecoles
totraintheranksof military and technical personnel needed
by the state. In the past, preference was given to one or
another of these ingtitutions, depending on the political
climate of the country. During the 20th century, however,
the increasing importance of technology has dowly but
surely turned the Grandes Ecoles into the sole route to
the highest positions in French government. Ingtitutions
designated as Grandes Ecoles or smply Ecoles have
proliferated, especidly in the fields of economy and busi-
ness.

Between 1960 and 1997, the number of students
enrolled in higher education rose from 310,000 to 2.1 mil-
lion. The students are distributed between theEcol es (238
engineering schools, 230 business schools), which select
9.5 percent of the students in higher education; the gen-
eral university system, which educates 62 percent of the
total; technical and technologica higher education ingtitu-
tions (Instituts Universitaires de Technologie, écoles
universitaires d’ ingénieurs), which account for 16 per-
cent; and paramedical and socia training, which make up
the remainder. Both the universities and the Grandes
Ecoles (with the exception of business schools) are a
part of the nationa public system and free for students.

The Universities. University education is divided
into three cycles.

1. Thefirst cycle(equivaent tofreshmanand sopho-
more years of college) leads to the Dipléme
d’ Enseignement Universitaire Général (Gen-
eral University Diploma) in 2 years.

2. The second cycle leads to the licence, equiva
lent to a bachelor or arts degree and 1 year of
study toward a master’ s degree.

3. The third cycle leads to a higher level profes-
siona degree (Dipléme d’' Etudes Supérieures
Spécialiséesin 1 year) or adoctoral degree.

The Grandes Ecoles. One of the great advantages
of the Grandes Ecol es in engineering and businessisthe
qudity of their student population. Most of these schools
pick their students through competitions, primarily among
candidates from Grandes Ecoles preparatory classes.
Thiseducationa track, over 2 or 3years, attracts the best
students from the best high schools. The Ecoles offer
better conditions, with smaller class sizesand better equip-
ment and facilities (computers, classrooms, |aboratories)
than most universities. The cost to the government issig-
nificantly higher: $12,500 per student per year, as opposed
to $5,900 in the standard first cycle.

Finally, the graduates of the Ecoles are able to find
professional employment much more easily than their
contemporariesfrom the university system, dueto an edu-
cation aimed at a particular goal, the contacts they made
with the business world during their educationa career,
and their dumni networks.

A Svstem IN CRISIS

At the University. A large number of studentsfail
during the first, generd, cycle: 34 percent drop out in the
first year, and only 28 percent successfully complete the
2 years. In addition, the degree awarded does not lead to
any particular professional position.
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The quality of ingtruction in the universities suffers
in part due to the system used to evaluate the professors,
which looks at research and scholarly publications. A di-
ploma does not necessarily make employment easier to
find, since public service is no longer the mgjor outlet for
graduates, and the private sector does not value the de-
grees. The businessworld and the needs of the high-tech-
nology sector of the economy are, in their turn, not well
understood by the universities.

University research suffers also from a lack of
means, coordination, and links to the private sector. The
universgty administration is inefficient and does not have
enough autonomy. It cannot recruit the technical person-
nel it needs. The different faculties and the engineering
schools within the universities guard their independence
jedoudy.

Unlike the Grandes Ecoles, which can be selec-
tive, the universities are required to accept all candidates.
Inpractice, legd (e.g., limited spacein themedica schools)
or illegal means of selection control recruitment. Univer-
sty diplomas, which aretheoretically al supposed to have
the same value and which are awarded by the state with-
out reference to a particular university site, are, in fact,
ranked on the job market according to campus.

In the Grandes Ecoles. The percentage of stu-
dents in the engineering Grandes Ecoles went from 14
percent of total engineering enrollment in 1900 to 3.7 per-
cent in 1997. Selection has become more and morerigor-
ous, and the student population more and more unbal-
anced. Most of the students are from the families of gov-
ernment officials and corporate executives. The magjority
of those participating in the competitionsfor the most dlite
schools (Ecole Normale Supérieure, Ecole
Polytechnique) come from only about 10 high schools.

The mostly theoretical instruction provided does not
always leave enough time for less theoreticd work, for
innovation, or for work on specific projects. |deas neces-
sary to the vitaity of business, like intellectual property
rights and human rights, are not always addressed in suf-
ficient detail. Students are not waystrained in scientific
research and its methods. Findly, there isinsufficient ex-
ternal evaluation of the education and the degrees.

Counsdling at the universitiesis scarce, so the stu-
dents depend primarily on other information sourceswhen
making choices. In the Grandes Ecoles, those choices

are most often guided by the reputation, rather than by
the content, of the studies. The nature of the two styles of
instruction is converging as the universities become more
industry-oriented. With the disappearance of its raison
d étre, the difference between the two is gradualy be-
coming less apparent.

ProrPosep REFORMS: REORGANIZING THE
FRENCH EDUCATIONAL SYSTEM FOR THE

21st CENTURY

In this period of increased economic competition,
market forces sweeping the professona world cannot
ignore higher education. But the logic of the marketplace,
dready at work in some countries, brings with it mon-
etary discrimination and a growing gap between a few
ite indtitutions where quaity comes with a very high
price tag, and alarge, more or less mediocre, system for
the vast mgjority of students. In France, thistrend in higher
education would eliminate equal accessto education, one
of the foundations of the republic.

The French system of higher education has been in
existencefor amost 1,000 years. Asin amost every other
country in the world, it is faced with three mgor chal-
lenges: the growth of its bureaucracy, the diversification
of knowledge and skills needed, and the increasing costs
of education.

With most European countries confronting these
questions, this is a particularly propitious time to inaugu-
rate reforms. A commission appointed by Prime Minister
Lionel Jospin has just released a report on the subject.t
This paper summarizesthereport’ sprincipal conclusions.

Redefining the Missions of Higher Education.
Higher education should alow each student to identify his
or her individual strengths and to pursue studies in differ-
ent disciplines by increasing contacts and connections
between the different university departments.

Currently, researchers in public institutes such as
the National Ingtitute of Health and Medical Research
(INSERM) and the Nationa Committee for Scientific
Research (CNRS) are not required to teach; university
professors conducting research have been able to spend
much of their time in ther laboratories, since it has a-
ways been the quality of their research that is used to

Toward a European Model of Higher Education,” report of
the commission presided over by JacquesAttali, STOCK, May 1998.
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evauate them. All publicly funded researchers, in both
theingtitutes and the universities, must be required to spend
more time in the classroom.

Education should combine formal training for busi-
ness and technology with the transmission of cultura ap-
preciation (literature, philosophy, humanities) and genera
knowledge. It should encourage the faculty to strive for
innovetion.

Continuing education must take its place in the sys-
tem of higher education. It must award diplomas with the
same value as those of regular university degrees by a-
lowing studentsto alternate between periods of work and
study. It must dlow the unemployed to receive training
that is useful in the job market.

The system should a so provide means for students
from more modest backgrounds, who tend to pursue studies
that aretechnicaly oriented, to switch to educational tracks
that are more academically and intellectualy inclined by
creating more bridges between the two tracks.

Another goa would be to emphasize a globa per-
spective and encourage integration with the European
Community’ seducationa system. Thismight be achieved
by offering al studentsin higher education aterm of study
abroad and by accepting the best foreign students and
instructors into the French school system. It would re-
quire improving recruitment, using English for some sub-
jects, easing the bureaucratic procedures for recognizing
diplomas from other countries, harmonizing the curricula
with those of the other countries of the European Union,
and—finally—adopting the European Union’s evaluation
criteria and procedures.

New Principles of Organization—National
Level. France's system of higher education needs to
become more coherent in setting curricula, levels of de-
grees, and geographic distribution of its campuses. Cam-
puses must be located near the emerging centers of ex-
cellence, the Poles Universitaires Provinciaux consist-
ing of the best university and Grandes Ecoles depart-
ments in aregion (including the campuses of neighboring
countries) linked in networks. These “university centers’
will have a common teaching and research orientation.

Each university center will need to establish more
regular contractua relationships with the state, allowing
the center more autonomy. These relationships will be

based on acampus plan and quadrennial contracts, which
will dlow the univerdities more initiative in defining ther
academic offerings.

Asareasonable baanceto thisincreased autonomy,
aregular evaluation of the strengths and performance of
each campus or university department will influence its
financing. To this end, the creation of a new Agence
Supérieure d Evaluation has been proposed, which
would be outside the authority of the Ministry of National
Education. Academic evaluation would be conducted by
peers.

Evaluation of professors would take teaching abili-
ties into account. It would initiate a system of student
evauations and incorporate them into reviews of the in-
structors. The professors would have to be able to relo-
cate, and there would be greater possibilities for mobility
in posts. A pay scae that would be more responsive to
merit while providing better saaries would accompany
these new requirements.

New Principles of Organization—L ocal Level.
Asin an urban community, these campuses of higher edu-
cation must organize themsalves under a single adminis-
tration, sharing materiel and human resources, creating a
comprehensive curriculum, and encouraging exchanges
between establishments. Entrepreneuria enterprises must
be encouraged on these campuses through the availabil-
ity of capital risk funding, especialy in the fields of soft-
ware engineering, biotechnology, and materials. Career
advancement and continued education via alumni asso-
ciations must be expanded to include the entire campus.

Reforming the Curricula. The curricula must be
reworked to facilitate transfers between the universities
and the Ecol es, and the degrees must be more equiva ent
to those awarded in other countries. The primary objec-
tive would be to make all new diplomas have a recog-
nized value in the job market and lead to real careers.

In the universities, university education would be
divided into:

* A licence in 3 years, congsting of individualy
accumulated credits, alowing each student to mix
studies and work. The first semester would be
amed a choosing a mgor; the last year, includ-
ing a term of work-study, would have a genera
professional orientation. Class sizeswould bere-
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duced by using secondary school instructors.
Technologica education would follow the same
schedule.

* A new maitrisein 2 years after thelicence would
serveto further aparticular mgjor course of study.
The second year would be dedicated to an indi-
vidual research program or to subjectsthat would
complement the mgor field.

* A doctora program 5 years after the licence,
caled Ecoles Doctorales, would offer the op-
tion of taking themaitrise exams after 2 years. It
would include multidisciplinary studies, career
counsdling, and more interaction with industry.
Research would start earlier in the curriculum
than is currently the case.

Thefirgt 3yearsof medicd studieswould be grouped
with biologica sciences, resulting in anew biomedica li-
cence. Limitation in the number of enrollmentswould not
commence until after the licence. A doctorate in medi-
cine would take the same amount of time asin other dis-
ciplines and would be open to students from other scien-
tific fidds.

This plan, called “3-5-8,” ismore or less pardld to
the American system of higher education given the fact
that, in France, high school lasts 1 year longer than inthe
United States.

In the Grandes Ecoles:

* Preparatory classes would be phased out once
the changes had been made in the first university
cycle. The entrance exams would change so as
to open enrollment in the Ecoles to students fol-
lowing technology tracks.

* Whileremaining an elitetrack for technical train-
ing, theGrandes Ecol es would grant thelicence
at the end of thefirst year, and the new maitrise
at graduation.

* The monopoly held by the Grandes Ecoles in
filling government posts will be ended.

CoONCLUSION

Financing all these reforms, especially the lengthen-
ing of the first university cycle, will require a sgnificant
nationa effort. But demographicsindicate that the popu-
lation entering the universities will befaling, and the pro-
posed regrouping will redize savings as well. Fiscal and
regulatory measures should encourage business and re-
giona governmentsto join in this effort.

Without requiring uniformity of systems, the coun-
tries of Europe should standardize their curricula and di-
plomas within a new framework that is neither bureau-
cratic nor gtrictly independent. The European Union il
needs to define a policy for higher education; this could
be one of its mgjor tasks in the next decade.

DocToORATE AND POSTDOCTORATE

FocusoN THE FRENCH DOCTORATE

France, with its long tradition of higher education,
produces aconsiderable number of Ph.D.s. Infact, it pro-
duces a higher percentage of doctors per million inhabit-
ants than any other industrialized country.

Table 1. Ph.D. theses per million inhabitants

couny [ Mimero | Popoion | TC
inhabitants

Australia...........] (1993) | 1,803 17.7 102
Canada............. (1993) [ 3,356 29.0 116
Denmark........... (1992) 512 5.2 98
France.............. (1995) [ 9,800 58.5 168
Germany.........., (1993) | 12,400 81.0 153
Great Britain..... (1994) [ 8,300 58.0 143
[ E— (1987) | 4,177|(est) 700.0 6
1117/ (1998) [ 2,400 57.0 42
Japan..............., (1993) | 12,000 124.5 96
Mexico.............. (1990) | 269 86.2 3
United States...J (1994) | 41,011 260.0 158

SOURCE: French Ministry for National Education, Research and
Technology (MENRT), 1997.
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Given that France ranks fourth in research and de-
velopment (R& D) budget, after the United States, Japan,
and Germany, and fifth in the publications world share
after the United States, the United Kingdom, Japan, and
Germany, its influence in science education is remark-
able. Its successis aso dueto a conscious national effort
over the past 10 years to improve and expand its higher
education establishment.

Between 1989 and 1997, the number of Ph.D.s
awarded doubled from 6,000 to 12,000. Thefollowing table
shows this growth through the year 1996. All disciplines
demonsgtrated this strong growth. The social sciencesand
humanities represent amost one-fourth of the Ph.D.s
awarded. Physicsand chemistry and thelife scienceswere
aso popular.

The proportion of women receiving Ph.D.sreached
36.8 percent (42.3 percent of French and 25.4 percent of
foreign recipients) in 1996. These numbers increase
steadily but vary greatly from one scientific discipline to
another. In the life sciences, more than haf of the Ph.D.
recipients are women. The percentage is dso high in the
socia sciences, law, and physics and chemistry. The low-
est percentages are observed in mathematics, computer
sciences, and engineering.

Funding for graduate studies has traditionally come
from the Minigtry for Education, Research and Technol-
ogy. It alocatesgrantsfor 3 years, alowing the student to
complete the research for a thesis. This program was
begun in order to shorten the number of years spent on
preparing a thesis, which could take as many as 7 to 10
years. This 3-year period does not include the 2 years of
the third cycle after the French maitrise, which is de-
voted to classes.

The doubling of the number of degrees has had a
great deal to do with the difficulty facing students who
graduate with a maitrise when they start looking for em-
ployment. The unemployment situation has had an impact
too on the type of funding available. Since 1996, ministry
scholarships have been granted to no more than 28 per-
cent of all students. Foundations and corporations fund
more than one-third of the total. Nearly 1 in 10 Ph.D.
students have to support themselves by working. A full
28 percent of the graduate students have no scholarships
or reported income whatsoever. Thisis a source of great
concern.

It is important, nonetheless, to emphasize that this
Situation varies greatly from discipline to discipline. More
than half of the students in the socia sciences and hu-

Table 2. Ph.D.s awarded from 1989-96

Disciplines 1989 1990 1991 1992 1993 1994 1995 1996
TOtAl e 5,963 6,782 7,198 8,585 9,295 10,602 9,801 10,963
Mathematics.........cvvvrevrerrneeneereenieneene 198 233 247 296 356 418 364 426
Physics and chemistry............ccccveveee.. 1,378 1,466 1,537 1,897 1,940 2,168 1,943 2,148
GEOSCIENCES. .....vvvvvreeieeereeereieins 328 335 313 418 410 439 453 499
Computer and information sciences..... 810 868 903 1,029 1,085 1,176 1,237 1,342
Life SCIBNCES....ovvrvreererrrerneeneereireieins 1,223 1,436 1,409 1,664 1,843 1,972 1,882 1,999
Social sciences and humanities........... 1,017 1,256 1,425 1,746 2,006 2,540 2,197 2,414
LAW.. v 545 621 706 832 908 1,071 906 1,139
Engineening.........oooooi 464 567 658 703 747 818 819 996

SOURCE: French Ministry for National Education, Research and Technology (MENRT), 1997.

Table 3. Percentage of women who received Ph.D.s, 1992-96

Disciplines 1992 1993 1994 1995 1996
TOtAL v 31.9 33.1 35.1 34.9 36.8
MathematiCs........ccooevrerereerssenenennns 17.5 18.7 16.5 20.5 20.9
Physics and chemistry...........ccocvevennenn. 31.0 32.8 34.2 34,5 39.5
GEOSCIENCES. ....cvvvvvrrireresrenseressesereninne 24.6 28.0 37.8 34,5 32.1
Computer and information sciences....... 17.6 16.1 20.3 20.1 19.9
Life SCIENCES.....covvirrerrirererierererieierienns 45.9 47.2 51.8 51.0 50.7
Social sciences and humanities.............. 41.2 43.6 42.7 41.2 44.7
LAW. vt 31.2 32.0 33.1 30.4 36.0
ENQINEErNg. ..ooooviioeii 14.8 14.6 13.7 16.6 18.3

SOURCE: French Ministry for National Education, Research and Technology (MENRT), 1997.
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manities have no funding or insufficient resources. By
contrast, around 90 percent of the studentsin physicsand
chemistry, computer sciences, life sciences, and engineer-
ing are fully funded.

Of positions overseas, 46.3 percent arein North America.
It is the most favored destination for those in the life sci-
ences and engineering. The European Union (other than
France) is now in second place, after North America,

Table 4. Origin of funding for Ph.D.s awarded in 1996

Disciplines SCTﬁfﬁEﬁ;?om chﬁﬁrzgfriggom Salaries No funding Total
TOtAL oo 2,936 3,521 964 2,919 10,340
Mathematics........ccivirerrerrienerinrennns 141 137 27 116} 421
Physics and chemistry............ccouevuene. 755 999 80 216} 2,050
GEOSCIENCES......vvevevrerceeriereissseeereneeens 227 183 15 39 464
Computer and information sciences..... 478 617 77 117 1,289
Life SCIBNCES.....ccvvvcvcreiirisciic e 684 711 213 340 1,948
Social sciences and humanities........... 181 197 377 1,363 2,118
LAW.ocviicece e 197 164 126 595 1,082
ENQINEering........ccovvevvvvciiiiisiscnes 273 513 49 133} 968

SOURCE: French Ministry for National Education, Research and Technology (MENRT), 1997.

THE PosSTDOCTORATE

The postdoctoral position was not commonin France
before the 1970s. Most scientists found employment in
the university or in the public research institutes. Ph.D.s
led, amost automatically, to permanent government posi-
tions. Today, tight budgets and increased numbers of
graduates have moved the threshold at which scientists
can find such employment to a more advanced stage of
their careers. In addition, the internationalization of sci-
ence has made a postdoctorate in another country highly
desirable. There is dso dmost no financing available in
France for French postdoctorates. Therefore, more and
more French Ph.D.s are having to seek postdoctora po-
Sitions abroad.

Until now, it has been impossible to ded with this
Situation in France with any kind of concerted national
effort, since the status of postdoctorate implies alack of
permanence. French law and French unions are opposed
to the permanent creation of temporary positions for
French citizens. Foreigners, however, are not covered by
these limitations.

An egtimated 1,900 or more Ph.D.s actualy took
postdoctoral positionsafter defending their thesesin 1996.
Asinthe 3 preceding years, two-thirds of the postdoctoral
positions are located abroad. The exact proportionis66.7
percent. Only 350 French Ph.D.s pursued postdoctoral
terms in France, compared to 400 the previous year.

North America (the United States and Canada) is
still the preferred destination for postdoctorates this yesr.

with 41.3 percent of positions abroad, compared to 40.2
percent in 1995. More than one young Ph.D. in two in
physics and chemistry opts for a position in a European
Union country. Japan attracts only 3.2 percent of the
postdoctorates going abroad. All other countries combined
attract 7.8 percent.

A postdoctorate in France lasts at least 2 years.
Morethan onein eight postdoctorateswill eventualy stay
in the country offering the postdoctoral position: 103
postdoctorates (73 French and 30 other nationalities).

EMPLOYMENT FOR SCIENTISTS

Two years after getting their degrees in 1996, 34
percent of Ph.D. recipients have found permanent em-
ployment. Another 29 percent have found temporary po-
sitions, and 12 percent are till unemployed. The remain-
ing 24 percent did not respond to a request for informa:
tion. This, of course, renders extensive interpretation du-
bious. The genera tendencies shown by the responses,
however, confirm the experienced judgment of research-
ersin the fied.

Of the permanent positions offered to the 3,559
Ph.D.s, 65 percent are with the French government: 22
percent work as assistant professors, 14 percent serve as
research scientists in public institutions, 15 percent teach
in high schools, and 14 percent work in the administra-
tion. Only 1,246 found jobsin indudtry.
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Figure 1. Professional positions held by the 10,340

Ph.D.s who got their degrees in 1996

Permanent
Positions
34%

Unknown
24%

National
Service
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Unemployed
12%

Temporary
Positions
29%

SOURCE: French Ministry for National Education, Research and
Technology (MENRT), 1997.

Figure 2. Permanent positions held by 3,559 Ph.D.s in

1996
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SOURCE: French Ministry for National Education, Research and Technology
(MENRT), 1997.

Thismeansthat out of more than 10,000 Ph.D.s per
year, only 12 percent find jobs in industry, and less than
one-fourth were able to follow the traditional path of
French doctord recipients by finding permanent govern-
ment positions. The number of positions in industry isan
estimate based on survey responses and confirms the
perception in France that industry does not recruit a sig-

nificant percentage of Ph.D. recipients. In France, the
largest employment sector is small business. However,
high-tech small businesses are scarce, and the large in-
dustrid firms are still recruiting the majority of their pro-
fessional workforce directly after graduation from the
Grandes Ecoles. Thisstuationisoneof the reasonsyoung
French scientists come to the United States (seelast sec-
tion of this paper).

FOREIGN STUDENTS IN FRANCE

GENERAL

France has always been one of the favorite destina-
tions of immigrants from the rest of Europe, from Africa,
and morerecently from Asia. Immigrants cometo France
when migrating to the West, and also when migrating from
the former French colonies. The French educationa sys-
temisoneof themgor attractions. In 1996-97, therewere
1,449,129 studentsin French universities, of which 125,205
(8.6 percent) were foreigners. For the past 10 years, this
percentage has declined dightly. In 1985-86, 13.6 percent
of the entire student population came from other coun-
tries.

Half of the foreign student population comes from
Africa; they are evenly distributed among all the sciences
and humanities. Twenty-nine percent come from other
European countries, and show a marked preference for
the humanities and social sciences. Just 2,774 students (2
percent) come from the United States to study in France.
Nearly all of them take liberal arts and social sciences.
Only 100 pursue coursesin science and engineering (S& E).

DocTorRAL STUDENTS

The distribution of students by region of origin at the
doctord level shows approximately the same proportion
asthat of al foreign studentsin French universities.

That same year (1996-97), there were 2,807 doc-
toral degrees awarded to foreign students, representing
27.1 percent of all doctorates awarded that year. The
proportion of foreign degree recipients was 1.2 percent

Table 5. Foreign students in French universities 1985-96

Foreign Students 1985 1989 1991 1992 1993 1994 1995 1996
Number of foreign students in thousands... 132 132 137 138 140 134 130 125
% of foreign students.............ccoeovverennncnn. 13.6 11.8 11.2 10.7 10 9.4 8.9 8.6

SOURCE: French Ministry for National Education, Research and Technology (MENRT), 1997.
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Table 6. Foreign students in French universities 1996-97 (by region and discipline)

. . Liberal arts and | Science and | Medicine, pharmacy,

Region Law | Economics social science | engineering and dentistry Total
TOtal s 15,418 16,368 47,033 27,811 18,575] 125,205
% foreigners.............c....... 8.2 10.7 9.1 55 12.6 8.6
[SIVT(0]o 5,557 3,905 17,563 6,055 2,736] 35816
European Union...... 4,394 2,823 13,627 4,443 1,657] 26,944
ASiA.een, 1,358 1,512 6,451 3,761 3249] 16,331
AN (o7 TR 7,485 10,392 16,560 16,616 11,937] 62,990
AMENICAS.....ovvrvererrenns 989 527 5,333 1,290 609 8,748
United States........... 353 59 2,225 104 33 2,774
Brazil.......cocoevvvvnnn. X] 71 687 274 9% 1,219
Canada.........ccocoens 126 67 600 152 56 1,001
Oceania......cceereereenens 7 10 95 23 5 140
Stateless.....................] 22 22 1,031 66 39 1,180

SOURCE: French Ministry for National Education, Research and Technology (MENRT), 1997.

too, more than half of the degree recipientsin 1996 came
doctorate in 1996 from Africa. Even now, Europeans tend to pursue doc-
torates in their own countries. Nearly 10 percent come

Table 7. Foreign candidates receiving the French

Country of origin Number Percent . . i . ’

i Yoo 276 98 from Latin America. Thisrelatively high number reflects

""""""""""""""" ' thefact that France is atraditiona refuge for immigrants
Eastern Europe............ 136 48 . .. . .
Europe 265 130 seeking political asylum from these countries. Latin
Latin Amer crmmmm——— %61 9'3 Americans prefer France as an alternative to the United

AN AMENC, v : States and Spain.

Near & Middle East..... 240 8.6
NOMN ATIC. ... 1,015 36.2 M athemati cs attracts the highest percentage of for-
North AMENCR........ 53 1.9 eign students pursuing doctorates, athough the highest
Sub-Saharan Afica... 399 14.2 number of students is found in the humanities and social
ONT. e 62 2.2 sciences. Physics and chemistry attract the next highest
SOURCE: French Ministry for National Education, Research and numbe.

Technology (MENRT), 1997.

The rate at which foreign students return to their
countries of origin has dropped dightly; half of them do
go homein the 18-month period following their thesis de-
fense.

lower than in 1995, athough the proportion of Europeans
remained the same at 18.4 percent. All scientific disci-
plines were affected by this dight reduction. At thislevel

Table 8. Distribution and rate of return of French Ph.D.s of foreign origin (1997)

" Number of foreign Percentage of all | Number of returnsto | Percentage of returns

Disciplines doctors doctors country of origin to country of origin
L0 R 2,807 27.1 992 35.3
Mathematics..........cooevvenenininireineines 161 38.2 42 26.1
Physics and chemistry...........cc.ccc.....d 500 24.4 196 39.2
GEOSCIENCES.....ocvverrirererreererserereneeed 149 32.1 52 34.9
Computer and information sciences..., 366 28.4 91 24.9
Life SCIENCES.....c.vvrerereereirieireinieineend 345 17.7 125 36.2
633 29.9 244 385
343 317 121 35.3
Engineering.. 310 32.0 121 39.0

SOURCE: French Ministry for National Education, Research and Technology (MENRT), 1997.

110



PosTDOCTORATES

Postdoctora positions have not been the norm in
France; scientists have always been employed by the
government in the past, and the temporary nature of
postdoctord positions has been diento employment policy.
The Anglo-Saxon experience with the benefits of
postdoctoral work in a different scientific environment
has, however, won over the French scientific community.
Funding programs and positions have not yet been estab-
lished enabling French labs to hire French nationals in
large numbers as postdoctorates. Funding does exist for
them to hireforeign nationals. Every year, about 500 new
foreign postdoctorates find employment in French labs.

The proportion of foreigners at the postdoctoral level
has greatly decreased. In 1995, this group still accounted
for 38 percent; in 1996, it was down to only 22 percent
foreigners. The percentage of postdoctorates returning
to their own countries is between 35 and 50 percent by
the end of 2 years.

Y OUNG FRENCH SCIENTISTS IN THE
UNITED STATES?

Each year, American universities receive 450,000
foreign students. This number, which might seem high,
actualy represents no more than 3 percent of the total
population of studentsin the United States in all years of
study. For comparison, about 9 percent of the studentsin
the French university system come from other countries.

Despite this disparity in percentages, the United
States, which is the world leader in R&D, has a reputa-
tion for being very attractive for students and scientists
worldwide. It isonly through more detailed analysisthat it
is apparent that the number of foreign students in the
United States is especiadly high in science and engineer-
ing. That percentage increases with grade level. Almost
half of the foreign students in the United States are in
S&E. While only 3.7 percent of the bachelor’s degrees
(the American equivdent of thelicence) awardedin S& E
go to foreign students, that percentage climbs to 24 per-
cent at the master’s degree level (troisiéme cycle), and
reaches 39 percent among doctorate-holders.

2This section is based on American dataand is excerpted from
Damien Terouanne, French Presence in the United Sates in Science
and Technology (Arlington, VA: National Science Foundation, forth-
coming).

France only ranks 16th in terms of the number of its
citizens enrolled as students in American universities.
Among the 8,000 doctorates in S& E awarded each year
to foreign studentsin the United States, only about 100 go
to French citizens. This means that there are no more
than 500 French citizens currently pursuing their doctor-
ates in American universities.

The attraction of American R&D, however, is not
limited to university studies. Many doctors come here for
postdoctora positions (postdoctorates) in American |abo-
ratories. Among scientists from countries like France,
which has an excdlent system of public education, it is
much more common to seek experience in the United
States at the postdoctoral stage than during the university
career. The problems encountered in the past few years
by young doctorate-holders when they seek to enter the
French workforce have only served to exaggerate this
tendency. The data presented in this report confirm that
today there are at least twice as many postdoctorates
as doctoral candidates in the population of French
citizens who are identified as being involved in sci-
ence and engineering and are currently in the United
States.

These young scientists, who demonstrated their in-
tellectua excellence during their university careers, and
who often sought a postdoctorate appointment in the
United States as something that would enhance their
chances of one day finding employment as staff in a
French university or public institution, represent the
population commonly defined when speaking of a
“brain drain.” A closer look at the situations of these
French postdoctorates in the United States and at their
aspirations shows that they tend more toward being tem-
porarily oversess, with plansto return eventudly to France,
than permanent expatriates.

Thissectionlooksat the physica presenceof French
scientists and engineers in the United States using data
obtained from the Nationa Science Foundation (NSF) and
other American ingtitutions. It is supplemented with the
results of a survey of French doctoral candidates and
postdoctoratesin North America conducted by the CNRS
Washington office.
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Thedataavailablefrom American government agen-
cies and other ingtitutions made it possible to study sepa-
rately four populations that constitute the French pres-
ence in the United States:

* peoplebornin France, having a college or gradu-
ate degree in science or engineering obtained ei-
ther in the United States, France, or elsawhere,
who are counted as permanent residents of the
United States;

* scientists and engineers moving to the United
States each year for professiona or other rea
sons;

¢ French students enrolled in American universi-
ties; and

* French students pursuing a Ph.D. in an Ameri-
can university.

That last population is a subgroup of the third cat-
egory, but since the data about the two groups were of
both different origin and nature, a separate presentation
was deemed preferable.

FrReNcH CiTizENs WITH BACHELOR’ SOR
GRADUATE DEGREES LIVING IN THE
UNITED STATES

The data presented in this section camefrom NSF's
SESTAT Integrated File database, which containsthe re-
sults of three surveys conducted among people with col-
lege or graduate degrees living as per manent residents
in the United States. The data used for this current study
concern persons born in France, less than 76 years old,
with a bachelor’s or graduate degree obtained either in
this country or elsewhere, living in the United States at
the time of the 1990 census.

Throughout this part of the study, therefore, we are
looking not at the movement of agroup of people, but at a
permanent populaion of French citizensliving inthe United
States having a college or graduate degree. Thefirst find-
ingslook at al degrees—S& E aswell asall other mgjors.
The figures on those with S& E degrees are then studied
in greater detall.

Four levelsof degreesare considered: thebachelor’'s
(baccalaureate +3 in France); the master’ s (baccalaure-

ate +5 or 6); the Ph.D. (doctorate); and professional de-
grees (law degree, medical degree, etc.). Only the first
three degrees apply when analyzing the S& E population.

The fields comprising S&E are:

the physical sciences,

* thelifesciences, including the Ph.D. in medicing;
* the socid sciences, including psychology;

* mathematics and computer science; and

* engineering.

General Findings. In 1990, the United States cen-
sus counted 31,400 permanent residents born in France
with college or graduate degrees. Of those surveyed, 71.3
percent had obtained their highest degree in the United
States, 23.7 percent had obtained it in France, and 5 per-
cent received their highest degree in other countries.

Among those surveyed, 57.9 percent studied or
graduated from high school in the United States, with 35.5
percent having completed secondary school in France,
and 7 percent in other countries. Of that population, there
were 8,960 with degreesin S& E, 28.6 percent of the to-
tal.

There were 2,810 French citizens with a doctorate
from an American, French, or other ingtitution who were
counted as being permanent residents of the United States
in 1990. The origin of their doctoral degreesisasfollows:

* 920 French doctorates—33 percent,
* 1,830 American doctorates—65 percent, and

* 60 from athird country—2 percent.

Persons With Degrees in S& E: Country in
Which They Received Their Secondary and Higher
Education. Of those 8,960 French citizens surveyed in
the United States in 1990 having a degree in S& E, most
received their entire secondary education in the United
States or finished their secondary education there (59
percent); an even higher percentage (74 percent) obtained
their highest degreein the United States (seetables 9 and
10).
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Table 9. Country in which French citizens living as permanent residents in the United States, with degrees in

science and engineering, received their secondary education

o Secondary schooling
Disciplines )
France United States Other Total
TOtAl o) 2,662 30% 5,267 59% 1,026 11% 8,955
ENgiNeering........ccoevvevrvevrinenand 573 26 1,292 58 344 16 2,209
Life SCIENCES.....covvvvviciriiiin) 528 27 971 49 483 24 1,982
Math and computer science....., 324 33 655 66 16 2 995
Physical sciences.............coe..... 203 38 168 31 167 31 538
Social SCIENCeS.........oovvvirn..d 1,034 32 2181 68 16 0 3,231

SOURCE: National Science Foundation, Division of Science Resources Studies, Scientists and Engineers Data System (SESTAT) Integrated File, 1993.

Table 10. Country in which French citizens living as permanent residents in the United States, with degrees in

science and engineering, received their graduate degrees

o Highest degree obtained in:
Disciplines >
France United States Other Total
L0 U 2,045 23% 6,649 74% 260 3% 8,954
Engineering........ccoceevviveeenns 303 14 1,784 81 122 6 2,209
Life SCIENCES.......vveeerrerierinennd 569 29 1,412 71 0 0 1,981
Math and computer science...... 255 26 740 74 0 0 995
Physical sciences.................... 65 12 335 62 138 26 538
Social SCIENCES.........cccvevevrunns) 853 26 2,378 74 0 0 3,231

SOURCE: National Science Foundation, Division of Science Resources Studies, Scientists and Engineers Data System (SESTAT) Integrated File, 1993.

Some variation by discipline is evident among the
generd trends. For example, of the French citizens hav-
ing their highest degree in engineering, 81 percent were
either entirely educated in the United States or finished
their degrees in the United States. On the other hand,
only 62 percent of those with degreesin the physica sci-
ences pursued or finished their studiesin the United States.

At dl levels of education, French citizens with de-
greesin S&E and living in the United States as perma-
nent residents were more often educated in the United
States than in France.

Influence of Secondary Studies in the United
States on Choice of Discipline. The data in table 9
alows a concentrated look at the population of French
citizens in the United States with degrees in S& E who
completed their secondary education in the United States.
The degrees obtained by these 5,270 individuds are dis-
tributed as follows:

» 25 percent in engineering (1,290 diplomas),

* 18.5 percent in the life sciences (970 diplomas),

e 12.5 percent in mathematics and computer sci-
ence (655 diplomas),

* 3percentinthephysical sciences (168 diplomas),
and

* 41 percentinthesocia sciences (2,181 diplomas).

For the purposes of comparison, degrees awarded
in the United States in S& E (bachelor's, master’s, and
doctoratestogether) over thelast 20 years are distributed
in about the same way:

21.2 percent in engineering,
* 16.6 percent in the life sciences,

* 12.0 percent in mathematics and computer
science,

* 7.2 percent in the physica sciences, and

* 43 percent in the socia sciences.
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One conclusion naturally arises from the smilarity
of these distributions: French citizens who obtain their
secondary education in the United States tend to follow
the same paths in college and graduate studies as their
American counterparts.

Country in Which the S& E Degree Was Ob-
tained, by Level of Degree. If we look at the country
in which the highest diploma was obtained by level of
degree (bachelor’s, master’s, Ph.D.), onetrait isimmedi-
ately apparent: the proportion of French diplomasin S& E
increases with level of degree. Most of those surveyed
who have a bachelor’s degree (or equivaent) as their
highest level diploma obtained that degree in the United
States (figure 3). This means that few French citizens
who come to the United States with a college education
do not pursue a higher degree. At the master’ s stage, 30
percent of those surveyed have a French diploma. The
proportion is as high as 48 percent among those with doc-
torates.

French S& E Ph.D.sin theUnited States. There
were 1,470 French citizenswith aPh.D. from the United
States, France, or elsewhere surveyed in the United States
in 1990. Their digtribution by place of origin of their diplo-
mas was:

710 doctorates from France (48.5 percent),

* 700 doctorates from the United States (47.5 per-
cent), and

* 60 doctorates from third countries (4 percent).

Putting aside the question of the place of origin of
these degrees, it isinteresting to look at the distribution by
specidty (figure 4) and to compare it to the distribution of
doctorates awarded by American universities (figure 5).
Between 1980 and 1993, doctorates in mathematics and
computer science comprised only 6 percent of al doctor-
atesin S& E awarded in the United States. However, 19
percent of French S&E doctorate-holders living in the
United States as permanent residents werein those disci-
plines.

Another significant difference appears in the field
of the social sciences, which represents 32 percent of the
American S& E doctorates but only 23 percent of doctor-
atesobtained by French citizensliving in the United States
as permanent residents.

Figure 3. Country in which French citizens living in the United States obtained their highest degree in S&E
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File, 1993.
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Figure 4. Doctorates held by French people
living in the United States (1993)
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Figure 5. S&E doctorates awarded by U.S. universities

(1980-93)
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Conclusion. Mogt of the 9,000 French citizens liv-
ing permanently in the United States and having a gradu-
ate degree have pursued their secondary education in the
United States, and three-fourths of them obtained their
highest level diploma there. However, when looking at
only those with the highest level degrees, thetrend isre-
versed. Among those 1,500 S&E doctorate-holders, a-
most half have French doctorates. Of all the persons edu-
cated in France, those with doctor ates represent the high-
est proportion of those who are“ lost” to France.

MIGRATION OF FRENCH SCIENTISTS AND

ENGINEERS TO THE UNITED STATES

The data used in this section were obtained from
the U.S. Immigration and Naturalization Service (INS),
the department charged with regulating immigration. An
immigrant is an aien admitted to the United States as a
legal resident. The INS provided NSF with data on those
immigrants who declared themselves to be scientists or
engineers, and whose curriculum justified that designa-
tion. Those who declared themselves to be researchers,
managers, teachers, or students were not included in the
figures. Neither were those who did not declare aprofes-
sion. Therefore, thefollowing figures are perforce under-
estimates of the actuality.

It is important to note, aso, that among the French
immigrantsin S& E are somewho havelived in the United
States for severa years, but on temporary visas. They
may have, for example, obtained a doctorate or filled a
postdoctoral position in the United States, but they will
not appear in the figures from immigration until they be-
come permanent residents.

French Scientists and Engineers Admitted to
the United States as Permanent Residents. Figure6
shows the number of French scientists and engineers ad-
mitted to the United States on permanent visas since 1982.
Only those persons who declared themselves as belong-
ing to one of the four professional categories appear in
the figure.

A significant increase is readily apparent in 1992.
This was the year the Immigration Act, passed in 1990,
took effect. It put into place the first mgjor changes in
immigration quotasin 25 years. Thislaw raised immigra:
tion quotasfor professionds, bringing astrong increasein
the number of highly quaified immigrants—among whom
are engineers and scientists. (Note that the year 1992
shows as a plateau in figures 6 and 7, due to the 1990
Immigration Act.)

Scientists and Engineers Admitted to the
United States Whose Last Country of Residence
Was France. In this category, it is not country of origin
that is chosen but country of |ast residence (figure 7). Of
the engineers and scientists coming from France to the
United States, many are French citizens and wereincluded
in the previous subsection analysis. In 1990, for example,

115



Figure 6. French S&E admitted to the United States on permanent visas
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SOURCE: National Science Foundation, Division of Science Resources Studies; U.S. Department of Justice/Immigration and Naturalization Service,

unpublished tabulations.

140 scientists and engineers came to the United States
from France, and 82 of them were French citizens. That
same year, 89 French scientists and engineers were reg-
istered by the INS. Seven of those, therefore, came from
a country other than France. Additionally, 58 engineers
and scientists who were not French citizens|eft Francein
1990 for the United States.

Status of Scientists and Engineers From
France: Work Permits. Generdly, personsimmigrating
to the United States for professional reasons, as well as
temporary, non-immigrant, workers, must obtain a labor
certification from the U.S. Department of Labor. Approxi-
mately one person in three comesto the United Statesfor
professiona reasons; the other two-thirds come because
of family or as refugees. One in three immigrants here
for professiona reasonsis exempted from the need for a
labor certification. This exemption is most often awarded
to highly quaified people, including scientists.

Among those scientists and engineers coming from
France, only someimmigrate for professiona reasons; of
those, not dl are required to obtain a labor certification.
These considerations explain the datain figure 8.

Geographic Origin of Scientistsand Engineers
Coming From France but Not French Citizens. Each
year, scientists and engineerswho are not French citizens
leave France for the United States. The INS counted
between 60 and 80 of them every year between 1984 and
1993. These figures are certainly underestimated, once
again due to the number of immigrants whose profes-
sons are unknown. With this understood, it is Hill inter-
esting to look at their distribution according to country of
origin.

Figure 9 givesthe aggregate of this distribution over
the years 1984-93. The evolution of this distribution over
timeis not different enough to be significant. Overal, the
scientists and engineers who lived in France before emi-
grating to the United States came from the Near and
Middle East, the Far East, and Africa

Itisingtructive to look at the parallels between this
digtribution and that of country of origin of noncitizens
obtaining doctorates in France in 1995 (figure 10). Obvi-
oudy, it is not advisable to make too much of this com-
parison because the two figures do not compare the same
population. Sill, it is interesting to see that Africa, which
is the point of origin of more than half the noncitizens
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Figure 7. S&E admitted to the United States on permanent visas, last permanent residence is France
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SOURCE: National Science Foundation, Division of Science Resources Studies; U.S. Department of Justice/Immigration and Naturalization Service,
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Figure 8. Scientists and engineers coming from France - Labor certification status
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obtaining doctorates in France, is not disproportionately
represented in the population of non-French citizenswho
are scientists moving from France to the United States.

Figure 9. Origin of non-French scientists and

engineers leaving France to the United States
(1984-93)
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SOURCE: National Science Foundation, Division of Science Resources
Studies; U.S. Department of Justice/Immigration and
Naturalization Service, unpublished tabulations.

In fact, those scientists coming from the Near East and
Middle East, a smaler proportion of those who get their
doctoratesin France (about 8 percent), leavefor the United
States in much higher numbers (37 percent of the immi-
grants coming from France but not French citizens).

FRENCH STUDENTS AND UNIVERSITY
StAFF IN AMERICAN UNIVERSITIES

This section is based on data found each year inthe
reports Open Door s and Profiles, published by the Indti-
tute of International Education. Open Door s presentsthe
results of a yearly survey of the population of foreign
students registered in al American universities. Depend-
ing on the year, the rate of response of these establish-
ments varies between 90 and 98 percent. Unfortunately,
not al the universities reply with the same amount of de-
tail. For example, in the datafor 1995-96, the universities
registered a total of 453,800 foreign students, but those
conducting the survey could only identify countries of ori-
gin for 395,000 of them, or 87.1 percent. The level of
academic studies is only known for 346,000, or 76.3 per-
cent.

Figure 10. Doctorates awarded to foreign people

in France in 1995
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études doctorales, December 1996.

In “Profiles,” universities are asked to furnish data
that is individua in nature on their foreign students. na
tionality, sex, field and year of studies, mgjor source of
funding. Thisrequest for supplementa detail reduces over-
all participation. In 1993-94, about 70 percent of theingti-
tutions that responded with the number of foreign stu-
dents provided the individudized information. This data,
all together, provided information on a sample population
of 258,300 students, 57 percent of the tota population
counted in that year’s Open Doors. Findly, of the indi-
vidua forms filled out, not all were complete, but more
than 90 percent had no more than one blank box.

Taking these problems into account, the correlation
between the findings of the two surveysisdtill very strong:
the overall distribution by sex, by level and fidd of study,
or by geographic location is very similar in both surveys.
It would be reasonable to think that these two sources of
data give afairly representative picture of the population
of foreign students, specifically of French students, in the
United States.

French Studentsin the United States. General
Trends. There were 5,710 French students in American
universitiesduring the academic year 1995-96. Thisis2.3
percent lower than the year before. Figure 11 shows the
evolution of this number over the past decade. Thereisa
significant increase in the number between 1984-85 and
1990-91, when France went from being the 26th to the
16th in terms of countries having the largest number of
students in American universities. Since 1990-91, this
population has been stable—between 5,000 and 6,000 stu-
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dents per year. For purposes of comparison, there are
currently 8,500 German studentsin the United States and
about 7,800 British students. France ranks third among
European countries.

Figure 12 shows the change in the total number of
foreign students in the United States since 1984-85. The
strong increase between 1984 and 1994 is mostly due to
an increase in the number of students from Asia coming
to the United States. There were 145,000 Asian students
in the United States in 1984-85 (42 percent of the total
number of foreign students), and 260,000in 1995-96 (more

e 702 students(12.3 percent) in other programs (in-
tensive English, internships, €tc.).

Distribution by Discipline of French Students
in the United States. Table 11 gives the approximate
distribution of French students in the United States by
discipline, based on the findings of the Profiles survey of
1993-94. Thefield of study was known for 2,850 French
students, abit lessthan half of those counted in the Open
Doors survey of the same year (5,980).

French Postdoctoratesand Scientistsat Ameri-
can Universities as Scholars. Despite the lack of pre-
cison in the term “scholar,” there is a consensus among

Figure 11. French students in American universities
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SOURCE: Open Doors - Institute of International Education - Report on International Educational Exchange, years 1984-85 and 1995-96.

than 57 percent of the totd). Japan, China, and Taiwan
are the most represented countries, each with between
35,000 and 45,000 students in American universities.

The distribution by level of studies of French stu-
dents in the United States has changed little over time.
Following are the figures for academic year 1995-96:

* 2,670 students (46.8 percent) in undergraduate
programs (before the maitrise in France);

e 2,340 students (40.9 percent) in graduate pro-
grams (after the maitrise); and

universities as to how to define this category of person.

The definition suggested in the Open Doors report is:
“International scholars, being neither students nor perma-

nent faculty, conduct research or teach or do both in a
concentrated period of time, usualy lessthan threeyears.”

The scholar category thusincludes people in postdoctoral
internships as well as established scientists and academ-

ics sent “en misson” for a predetermined length of time
in an American laboratory.

Table 12 gives an idea of the number of scholars
counted in the United States over the past few years.
Once again, thisinformation comes from a survey of the
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Figure 12. Foreign students in American universities (in thousands)
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Table 11. Distribution by discipline of French

students in the United States (1993-94)
Total number of French students counted

(“OpPEN DOOIS")..oveviviieiiesecerevere e 5,976
Number of students whose discipline
iS Known (“Profiles”).......coevveerereveriiinnns 2,845

Percent of Students Whose Discipline is Known

Commerce - Management.............c.ceuee. 30.8%
Engineering.........cccoceeeveuneene 10.7%
English literature 9.6%
S0Cial SCIENCES......cveeiveieireireireereieines 6.6%
Physical and life sciences 5.5%
BeaUX-AIMS.....ccivieerreereee e 3.8%
Mathematics and computer science........ 3.0%
Other (<3%).....ccevvvveeriieeeseerereren s 14.5%
Not indicated. ..., 15.3%

SOURCE: “Profiles” - Institute of International Education,
Report on International Exchange, 1994-95.

universities, with rates of return each year between 80
and 90 percent. The figures given are thus necessarily
dight underestimates of redlity.

While France ranks 16th in terms of numbers of
citizensin American universties, it ranks 8th in terms of
number of scholars in those same universities. This dis-
crepancy is an indication of the strength of French re-
search.

The Open Doors report provides information on
the types of visas held by scholars, without an indication
asto country of origin. Among the 58,000 scholars counted
during academic year 1994-95, 76.6 percent held a J1
visa. The U.S. Information Agency office for exchange
programs in teaching, research, or education issues this
visa. Postdoctorates usually have thistype of visa, aswell
as many of the scientists coming to work in American
laboratories. The other type of visa scientists and aca

Table 12. Number of French postdocs and

scientists in American universities as scholars

Year Scholars
1989-90.......eererrrreieireieieis 1,810
1991-92....cirreeene 2,175
1993-94.....ciieeneeieene 2,076
1994-95.....es 2,410
1995-96......oviieeeee 2,320

SOURCE: “Open Doors” report by the Institute of International
Education, Report on International Exchange, 1984-85
to 1995-96.

demics may obtain is the H1 visa; this was issued to 16
percent of the scholars surveyed. This visa is given to
highly skilled people or to those who bring atype of knowl-
edge or ability that is not available in the United States.



Unfortunately, it is not possible to isolate
postdoctorates from scholars from the figures available
in the Open Doors report. Despite this, NSF estimates
that the total number of foreign postdoctoratesin Ameri-
can universities is about 17,300. Among the 58,000 for-
eign scholarsin American universities, only about 30 per-
cent fill postdoctora positions. The same ratio applied to
the French scholars population shows that about 700
French postdoctorates work in American universities.
About 60 percent of dl foreign postdoctoratesinthe United
States, of any nationdity, work in a university. By apply-
ing the general ratio of foreign scholars/postdoctoratesto
the number of French scholars counted, we get a total
number of dightly morethan 1,100 French postdoctorates
in the United States.

Conclusion. American universities take in about
5,800 French students each year. Almost half of them are
undergraduates (before the bachelor’s degree). Studies
in commerce and management attract almost one-third
of the French students, and science and engineering only
about one-fourth. The available data do not alow us to
compare country of origin, chosen discipline, and level of
studies. It is, however, reasonable to assume that there
would be a much higher percentage of scientific disci-
plines found at the graduate level (master’s and doctor-
ate) among the French students, as is the case for stu-
dents from many other countries.

The American universities surveyed counted about
2,300 French scholars per year. These scholars are tem-
porary visitors, often holding J1 visas, postdoctorates,
academics; or visiting scientists. A minority of scholars
are postdoctorates.

DoctoraL CANDIDATES IN THE UNITED

STATES

The data used in this section come from the Na-
tiond Research Council’s annual Survey on Doctorate
Recipients for NSF and four other federal agencies. The
information is collected via questionnaire directly from
doctord candidatesjust beforetheir thesis defense. While
answering the questionsis not required of the candidates,
most do o, finding no difference between this survey and
the other administrative papers they must fill out when
they get their degrees. In this way, the rate of response
has consistently stayed between 92 and 94 percent over
the past 10 years.

Total Number of French Doctoral Candidates
in the United States, in All Fields of Study. Figure 13
showsthe evolution of the number of doctorates awarded
to French citizensin the United States between 1985 and
1995 in dl disciplines. This population has remained rela-
tively small, despite having more than doubled in 10 years
(117 doctorates in 1995, againgt 46 in 1985). All catego-
ries of doctorates, encompassing those in S&E as well,
areincluded. Distribution by sex has stayed basically the
same between 1985 and 1995: about one-third of doctor-
ates are awarded to women (35 percent in 1985, 40 per-
cent in 1990, 32 percent in 1995, and 36 percent on aver-
age over the entire period under consideration). If only
the S& E fields are examined, the proportion of women
receiving doctoratesisabit lower: 23.5 percent between
1987 and 1991.

Profile of French Citizens Getting a Doctor ate
in theUnited States. Table 13 containsinformation pre-
senting a profile of the 1,015 French citizens who ob-
tained adoctorate in the United States between 1985 and
1995. During that decade, 30 percent had a permanent
visaand werethe most likely to remain for long periodsin
the United States.

The average time between getting a bachelor’ s de-
gree and obtaining aPh.D. was 7.4 years. Thetime spent
solely in the university was 6.2 years. These averages
are lower than those of all U.S. doctorate recipientsin all
disciplines, whose average time at the university was 7.2
years, with 10.9 years between getting the two degrees.

The 1-year difference between the university time
of French citizens as compared to all doctoral candidates
is related to the fact that more French students pursue
disciplinesrequiring shorter terms of university study (en-
gineering, for example, which attracts amost one-fourth
of French doctoral candidates in the United States). The
more significant difference (more than 3 years) in the
total period between the bachelor’s and the Ph.D. is due
in part to the U.S. practice of aternating work and the
pursuit of a degree or of pursuing both work and degree
concurrently. The difference between the two groups also
shows that French students coming to the United States
for a degree do not often adopt this dua regimen; thisis
mostly due to a lack of opportunity, since most of the
students have only temporary visasthat do not alow them
to work outside of the university environment.

NSF s datistical division—the Divison of Science
Resource Studies—is responsible for monitoring Ameri-
can activity in science and technology. Therefore, some
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Figure 13. Doctorates earned by French students in the United States
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SOURCE: National Science Foundation, Division of Science Resources Studies, Survey on Earned Doctorates, unpublished tabulations, 1996.

Table 13. Profile of French citizens who obtained

doctorates in the United States 1985-95

All disciplines Number | Percent
Total number of doctorates (1985-95)............cevevneen. 1,015
Status
Permanent Visas..........ccocoeveenenesnnennnsennnns 303 30
TEMPOIArY VISAS......cccoveivieiriririeeeerenesseseneneensd 712 70
Average time between the bachelor's
and the Ph.D.
Years since obtaining a bachelor's.................... 7.4
Years of education since obtaining
A bachelor's.......cocevcerce e 6.2
MAITIEA......cvvcveircecece e 441 43
Planning to stay in the U.S.
after getting their Ph.D........ccoovereencncncences 496 49
With a prospective postdoc or iob..................... 344 69
Lookina for employment or a postdoc................ 144 29
NOt SPECIFIEA. ... 8 2
Science and engineering only
Number of doctorates in science and engineering..... 695
Average age of obtaining doctoral degree............. 29
Plans upon receipt of doctorate
Planning to stay in the U.S.......ccccovevvviveriinennn. 287 41
Planning to leave the U.S........c.ccocevviiirivinninns 274 39
Not vet decided......covviiiiiiiiiiiiiiies 134 19

SOURCE: National Science Foundation, Division of Science Resource Studies
data, Survey on Earned Doctorates, unpublished tabulations, 1996.

of the data available at NSF from the Survey on Doctor-
ate Recipientsfocus on doctoratesin S& E only. Aninter-
esting figure is the average age of French recipients of
American doctorates, which is 29 years. The average
age of al recipients of American doctorates in S&E is
32.2 years. There is the same 3-year difference previ-
oudly found in the average number of years between the
undergraduate degree and the Ph.D.

The questionnaire given to doctoral candidates just
prior to their thesis defense includes some questions about
their plans. Great care must be taken in interpreting these
responses. The French candidates filling out this ques-
tionnairejust before defending their theses know that they
will need a postdoctora postion if they want to find em-
ployment with one of the public sector ingtitutionsin France.
They are more predisposed, therefore, to see a short-
term future in the United States. These findings, more-
over, indicate only theintentions of future doctorate-hold-
ers, they do not actualy provide any information on fu-
ture careers (especialy after the postdoctoral period).

About half (49 percent) of the French doctora can-
didatesin the United States, in dl disciplines, plan to stay
in this country after obtaining their degree. Two-thirds of
these have a specific position or postdoctora position ar-
ranged. The remaining one-third consists of people plan-
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ning to stay, but either without specific plans or not stating
those plans. In short, some months before defending their
theses, one in three French students who are candidates
for Ph.D.s a American universities have specific plans
to stay in the United States.

In S&E, the proportion of future doctorate-holders
planning to stay in the United States, either with or with-
out an arranged position, isa bit lower (41 percent). De-
tails on the nature of these plans or of these persons are
not available.

Distribution by S& E Discipline. Between 1985
and 1995, 695 of the 1,015 doctora degrees obtained in
the United States by French citizens were in science or
engineering. The distribution of these 695 doctorates by
field is given in figure 14. Engineering is an extremely
significant field, awarding 240 doctorates—35 percent of
thetotal in S& E. This predominance is recent since only
12 percent of French citizens with doctorates residing in
the United States obtained their degrees in engineering
(seefigure 6). The other field with alarge percentage of
candidates is the physical sciences (physics and chemis-
try), which attracts 23 percent of French citizens obtain-
ing their doctorates in American universities.

Statesand Univer sitiesWher e French Citizens
Come to Study. Two geographic areas are immediately
apparent as destinations for French doctoral candidates
coming to the United States:

Figure 14. Distribution by field of the Ph.D.s in S&E

awarded to French citizens between 1985 and 1995
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e Cdlifornia, which awarded almost one-fourth of
the doctorates obtained by French S& E students;
and

* theNortheastern sates, including the Mid-Atlantic
(New Y ork, New Jersey, Pennsylvania) and New
England (M assachusetts, Connecticut, Rhode |s-
land), which together account for 35 percent of
the total.

Table 14. Science and engineering doctorates awarded

to French citizens in American universities
by state and university (1980-91)

S&E S&E

State Ph.D.s University Ph.D.s
Total...oveeeerieicine BOSTOtAL ..o 505
California................. 1178 MITneen R
New YOrK........coeene. 63] Stanford.........c.ccooereeninee. K1l
Massachusetts........J 52| Berkeley.....cccoovierievennen. 23
TEXAS .oy 411 U. of Houston............c.c.... 21
liNOIS. ... 30] Columbia University.......... 18
Pennsylvania........... 23] UCLA.....ooireene 16
Colorado.................. 16] Cornell University.............] 14
New JEersey.............. 14] UC San Diego................... 13
Connecticut............., 13] Northwestern Univ............ 12
Indiana.........ccooeuneenee 13] U. of Pennsylvania..........., 12
Michigan........cc.ce..... 12] Yaleooieeceeeind 11
Rhode Island........... 117 lllinois Inst. of Tech........... 10
Georgia..........ceeveen. 10§ Princeton University.......... 10
Other states (<10)..., 90] U. of Rochester................. 10
U. of Texas at Austin......... 10

Other universities (<10)..... 262

SOURCE: National Science Foundation, Division of Science Resources
Studies data, Survey on Earned Doctorates, unpublished
tabulations, 1996.

These same two geographic areas are found in the
survey of doctoral candidates and postdoctoratesin North
America, the subject of the next section.

CoNCLUSION

Currently, there are 1,500 young French scientists
in the United States either pursuing a doctorate or in
postdoctoral positions. The often feared brain drain, if in
fact it does exigt, appliesto ardatively smal population.

While assembling information from these young sci-
entists, it seems that many of them remain interested in
France and want to return there one day for a career in
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higher education or public research. Their education taught
them alove of purely intellectud activity that can befound
only in basic research; their early experiences asresearch-
ers, as doctora candidates, and—Ilater—in postdoctoral
positions confirmed this preference while aso failing to
ingtill an interest in the more applied research that indus-
try offers. This categorica rejection of the value of ap-
plied research is often a problem when they seek profes-
siond positions—and leads to some bitterness with the
French educationa system if they have difficulties find-
ing interesting jobs.

Whilethe French university system can becriticized
for its lack of interest in the industria sector, industry
sharestheresponsibility in that it has systematically given
preference to students and graduates of engineering and
business schools, first in internships and later when hir-

ing.

When stated thus, the problem may seem typi-
cally French. The United States, however, is also reex-
amining the future of its young doctorate-holders and
guestioning the pertinence of graduate education. In the
United States as in France, the educational system does
not seem to encourage careers in the industrial sector.
The postdoctoral positions are, in the United States,

synonymous with uncertainty. The low unemployment
rate in the United States makes the problem less urgent.

The gravity of the employment Situation in France,
even for the best educated, exacerbates the bitterness of
these young expatriate scientists. Thisis particularly evi-
dent when those reactions examined in this study are com-
pared to those evinced in the same type of survey 10
years ago. Initiatives such as the doctoriales—training
designed to help doctorate-holders find employment in the
industrial sector—are stepsin the right direction. The ef-
forts of the Association Bernard Gregory, whose mission
isto find jobs for Ph.D.sin industry; and the activities of
the French Office of Science and Technology in Wash-
ington that created the Forum USA, an annual job fair at
which French scientistsin the United States have the op-
portunity to meet with employers from France in three
American cities, will help integrate researchers into the
French private sector.

France is aware of this cal from its young scien-
tists in the United States. Their futures are tied to the
hedlth of higher education, research, innovation, and in-
dustry in France. Thismay be abrain drain, but it is one
in which those who have left would like nothing better
than a ticket home.
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GERMANY

Jeroen Bartelse, Eric Beerkens, and Peter Maassen

| NTRODUCTION

Germany has a binary system of higher education,
consisting of a university sector and a nonuniversity sec-
tor. The university sector is by far the larger, attracting
1.8 million students. The nonuniversity sector is only a
quarter this size (Baldauf 1998, p. 162). The basis of the
current higher education system liesin the 1960s, but the
traditions of earlier times are ill very much present in
the German doctoral system. Paramount in thisrespectis
the unity of teaching and research.

As opposed to the distinction commonly made be-
tween undergraduate and graduate studies, German uni-
versity programs rather are divided into first degree pro-
grams and advanced, or postgraduate, degree programs.
First degree programs have aformal duration of 4 to 4.5
years and lead to the Staatsexamen, Diplom or Magis-
ter. After obtaining these degrees, graduates can con-
tinue their education in two ways. through speciaized
postgraduate courses leading to avariety of postgraduate
certificates or by pursuing a doctorate degree. The doc-
torate is the highest academic degree in Germany. It can
only be offered by universities. Another qualification be-
yond the doctorate can be obtained, athough this is not
considered an academic degreeinitsown right (Kouptsov
1994): the Habilitation. The Habilitationschrift gives

proof of academic scholarship and should comprise apiece
of origina, independent scholarly work. The holder of a
Habilitation qudifiesfor aprofessorship at a university.

In figure 1, a graphica overview of the German
higher education system is presented. In this report, we
address the doctora stage.

TRENDS IN GRADUATE EDUCATION

It was in Prussiain the early 19th century that the
idea of research training was grafted onto the context of
auniversity. This began within a broader reform of ideas
on teaching, learning, and research. A few high-ranked
administrators, influenced by political events in France
and by the German idedlist philosophers, conceived the
idea that a balanced development of state and society
was only feasible with educated citizens (Gellert 1993,
pp. 5-9). To achieve this am, the university had to train
students for civil jobs, in a neutral atmosphere of truth-
seeking. Von Humboldt expressed the idedls of his time
into plansfor the foundation of anew university. In 1809,
the University of Berlin was founded on the basis of Von
Humboldt's principles; in the following years, other Ger-
man universities reformed accordingly.

Figure 1. The higher education system

%3
=
2
°
=
=
2L
£
3
<
(G

Germany

universities

Fachhoch-
schulen

125



Theided of the German university asit emerged at
the beginning of the 19th century issummarized by Paulsen
(1906, p. 520):

Its principle was to be, not unity and subordination,
but freedom and independence. The professorswere
not to be teaching and examining State officids, but
independent scholars. Instruction was to be carried
on not according to a prescribed order, but with a
view to liberty of teaching and learning. The am
was not encyclopedic information, but genuine sci-
entific culture. The studentswere not to be regarded
as merely preparing for future service as state offi-
cids, but as young men to be trained in indepen-
dence of thought and in intellectual and mora free-
dom by means of an untrammeled study of science.

In practice, these principles lent themselves to mul-
tiple interpretations (see Clark 1995, pp. 21-24). The ori-
entation toward research led to increasing specialization
and gradual departmentalization of universities into cen-
ters of specialized research. In the course of the century,
the origind Humboldtian doctrine with its broad humanis-
tic orientation evolved at some placesinto anarrow intel-
lectudism: an over-commitment to the advancement of
knowledge (see Gellert 1993, pp. 9-11).

The ingtitutional forms that were created for the
advancement of science and breeding of scientists were
the teaching-research laboratory and the research-oriented
seminar (Clark 1995, pp. 24-30). The classic case of the
first form is the laboratory of the chemist Justus Liebig,
founded in 1826 in Giessen. Here, Liebig combined re-
search and teaching in a way that attracted many ad-
vanced students with whom he was able to create are-
search environment in which innovative research was
conducted. Its success motivated other German research
universitiesto review their own training methods. Morrell
(1990, pp. 51-64) points out that “the university labora
tory provided for science an equivalent of the Renais-
sance artist’s studio, in that it offered to apprentices in-
duction into the scientific guild through pupilage in practi-
ca skills under a master-practitioner.”

Another form in which research activity was com-
bined with teaching was the research-oriented seminar.
The classic and exemplifying model hereisthe Neumann
seminar in physics established in Konigsberg in 1834.
Unlike other seminars of those times, Franz Neumann
included “practical exercises in techniques of quantifica-
tion, group review of problems, and innovative design of
instruments’ (Clark 1995, p. 27). The laboratories (later

named “research ingtitutes’) and seminars were autono-
mous, relatively small, organizations headed by the chair-
holding professor. These influentia figures ran the insti-
tutes and seminars and were sovereign in their scientific
pursuit. The ingtitutes and seminars gave the German
higher education system its esteemed reputation in the
late 19th century.

The origins of German research training as described
in the foregoing section have of course undergone sub-
gtantia changesin thefirst half of the 20th century. Rapid
indugtridization, two world wars, and the transformation
of an dlite into a mass system of higher education are
only afew examples of circumstances with ahigh impact
on the higher education system. However, some of the
original beliefs and ingtitutions are il vital and reflected
in doctoral training and research.

Freedom of learning has remained the paramount
feature of German education and research, anchored in
the Basic Law of 1949, which reads: “Art and science,
research and teaching, are free.”! Stll surviving is the
unity of teaching and research, which is expressed pro-
foundly in the apprenticeship model of doctoral research:
the Doctorvater who, in aone-to-onerelationship, guides
his student by way of learning by doing. The ingtitutes
form a distinct organizational characteristic of the Ger-
man higher education system. Influential chair-holders
function at the top of these hierarchically ordered organi-
zations, where many doctoral candidates conduct their
research. Furthermore, the seminars sill exist, athough
they have been watered down to large-scale instructional
seminars at the first degree level rather than at the doc-
tord level.

After World War 11 and up until the 1990s, individu-
as aspiring to a doctoral degree usualy sought a junior
research post. In 1989, 70 percent of doctoral candidates
were employed in thisway. Doctoral candidates in these
positions combine their research work with teaching and
other activities: this, on the one hand, provides them with
professiona experiences and skills; on the other hand, it
lengthens completion times (Baldauf 1998). Research
training a the doctora level is not formaly organized.
German universities in the 1980s did “not offer doctoral
programmes incorporating a minimum systematic ingtitu-
tional effort to qualify candidates further. It is entirely a
matter of theindividua master/apprentice relation between
the candidate and *his' supervisor whether he gets train-
ing and advice in hiswork and, if so, how much” (Huber

tArticle 5, par. 3, asreported by Clark (1995), p. 52.

126



1986, p. 302). Enders (1996, p. 165) concludesthat, inthe
1990s, courses are increasingly being offered (for up to
50 percent of the junior staff working on a doctora the-
Sis), but that candidates usually perceive doctora study
asan informal learning process. In this respect, there are
considerable differences across disciplines.

In the natural sciences, junior research posts are
relatively numerous as (externa) funds are more afflu-
ent. Those pursuing advanced research training usually
participate in a research group at a university laboratory
or an ingtitute. These groups provide a more structured
research environment. In addition to the one-to-one ap-
prenticeship relationship, a larger group of researchers
provide the doctora candidates with the opportunity to
interact more frequently and to find collegia support in
their work. In this context, doctora colloquia are com-
monly organized to give doctora candidates the opportu-
nity to present their work. Those working on a Ph.D.
thesis in the socid sciences and particularly the humani-
ties miss such a research environment. Moreover, their
supervisonisoften scant. These doctoral candidates“have
little contact with universities or their supervisors, they
mostly work at home” (Gellert 1993, p. 20).

The following figures show quantitative trends in
German doctora education. Note that only earned de-
grees are recorded in German statistics on doctord train-
ing. Figure 2 shows the number of doctoral degrees
awarded in the former Federal Republic of Germany
(FRG). In figure 3, the number of awarded Ph.D. de-
greesare shown for the FRG, the former German Demo-
cratic Republic (GDR), and these two areastogether (af-
ter 1994, these two areas are not presented separately in
German gatistics). Figure 4 presents the proportion of
Ph.D. graduatesin the various disciplines. Figure 5 shows
the proportion of female Ph.D. graduates.

DoctoraL REFORMS

Basicaly, three broad developments have given an
impetus to change to the German system of doctora edu-
cation (see Enders 1995,2 pp. 247-51). First, degree pro-
grams were considered overloaded in terms of student
numbers and years of study. In particular, the desire to
educate students capable of doing scientific research was
shifted from first degree programs to a more structured
doctora stage. Second, doctoral education itself was con-

Figure 2. Ph.D. degrees awarded in the former FRG
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2This publication isadraft version of Enders (1996); the draft
contains an analysis of the development of Graduiertenkollegswhich
was omitted in Enders (1996).
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Figure 3. Ph. D. degrees awarded in Germany by region
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Figure 4. Breakdown of Ph. D. graduates by discipline
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Figure 5. Proportion of female Ph. D. graduates
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sidered to bein need of reform. Long timesto degree and
low completion rates, as well as the fear of not keeping
pace with European developments in higher learning,
stimulated the German government to initiate experiments
with new structures of doctora education in 1986 (see
Nerad 1994a and De Wied 1991). lllustrative is the fol-
lowing statement by the Wissenschaftsrat (1988): “the
present state of Ph.D. training istoo long, too speciaized
and too isolated...” Third, research policy objectives—
such as the creation of more interdisciplinary work, the
stimulation of joint and transparent research planning, and
the advancement of applied research—were also cited
as reasons to reform graduate schools.

The most striking reform in German doctoral edu-
cation regards the introduction of the system of graduate
schoolsin 1989, the so-called Graduiertenkollegs. The
introduction of the Gradui ertenkollegs has not replaced
the previous situation, but it certainly marks the beginning
of a shift in German doctoral education.

The esablishment of a sysem of Graduiertenkollegs
can be considered one of the few top-down operationsin
the area of doctora education. The German federal gov-
ernment does not have extensive power over higher edu-
cation: it influences higher education primarily through

budgetary policies (Frackmann and De Weert 1994, p.
141). Moreresponsbilitiesover education exist at thelevel
of the 11 Lander that must comply with the Framework
Act on Higher Education (HRG). But doctora education
in the German higher education system has remained a
rather autonomous area, only lightly touched on in the
margin of research policies and reforms of first degree
education. The HRG authorizes universities and faculties
to establish their own regulations in accordance with the
law of the Land. The government of the Land should
formaly approve such regulations (Badauf 1998, p. 171).
Although the idea of the graduate school developed in
close cooperation with representatives of the academic
world, the program for the stimulation of graduate schools
is strongly backed and shaped by (semi-) governmental
organizations.

In 1986, the Wissenschaftsrat, which is the leading
advisory board in scientific affairs, recommended the cre-
ation of graduate schools. The German federa govern-
ment and the Lander governments accepted the recom-
mendations of the Wissenschaftsrat. In December 1989,
the federal government and the governments of the
Lander signed an agreement on joint support for
Graduiertenkollegs.
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The implementation of the entire program was as-
signed to the Deutsche Forschungs Gemeinschaft (DFG).
The DFG describes the Graduiertenkollegs as. “ univer-
Sty ingtitutions devoted to the promotion of young gradu-
ates. They are designed to enable Ph.D. studentsto work
on their theses within the framework of a systematic and
mogtly interdisciplinary program of study and in coopera-
tion with various research groups working on alied top-
ics’ (DFG 1993, pp. 1-2). The DFG has formulated the
following objectivesfor the sysem of Graduiertenkollegs,
which are supported by the Wissenschaftsrat (DFG 1996b,
p. 1; and Wissenschaftsrat 1994, p. 15):3

1. To engage doctoral candidates in joint research
activities of the participating institutions and thus
move beyond the supervison of asingle profes-
or.

2. To strengthen supervision both qualitatively and
organizationally through guest professors, re-
search seminars, and the like.

3. To prevent overspecidization through aresearch-
oriented study program.

4. To stimulate mobility and other forms of support
for Ph.D. candidates that might foster educative
opportunities.

5. To provide participating professors with the op-
portunity to cooperate with qualified young aca
demics.

6. To open up possihilities for indtitutions to choose
priority areas for research and research training.

7. To contribute to the restructuring of higher edu-
cation in general.

The first reactions to the idea of the
Graduiertenkolleg were ambiguous. Some ingtitutions
feared they would lose their traditional monopolies. The
faculties of philosophy, for example, were reluctant to al-
ter the Doktorvater system; and the West German
Rektorenkonferenz expressed its concerns regarding the
financial consequences of the Graduiertenkollegs for
universities. Other organizations feared that the schools
would create anew elite education at the expense of high-
quality first degree studies (Muller 1993, p. 31). Never-
theless, in several fidds, a strong interest was expressed

in establishing Graduiertenkollegs; by 1988, 15 experi-
mental Graduiertenkollegs were established, funded by
the Thyssen and Volkswagen Foundations. In 1990, the
Programm zur forderung von Graduiertenkollegs officialy
started.

A proposal to establish a Graduiertenkolleg is
drawn up by the engaged scientists and submitted to the
respective departments of education in the Land where
the university is established. After approval, the applica-
tion is forwarded to the DFG. At the DFG, severa aca-
demic committees assess the proposals on a number of
criteria. If the proposal is approved and selected, then the
Graduiertenkolleg receives funds for a 3-year period.
After 3 years, the school is evaluated and may receive
funds for another 3 years. The idea is that no further
grantsare provided after 9 years—the perceived full life-
cycle of a Graduiertenkolleg.

Between 1990 and 1993, 512 gpplications for the
establishment of a Graduiertenkolleg were submitted
to the DFG; of these, 199 were granted. Three years
later, in May 1996, the number of approved and estab-
lished Graduiertenkollegs increased to 214, and in 1997
reached 280 (see table 1). Eventudly, the number of
Graduiertenkollegs is expected to stabilize at around
300, a number that is not only determined by financia
reasons but also based in the idea that excellence in re-
search and research training can only be achieved through
selectivity. The DFG has therefore declined proposals to
expand the number of Graduiertenkollegs to 600 or
1,000. In these Graduiertenkollegs, 4,936
Nachwuchswissenschaftler and 2,401 professorswere
engaged. The number of doctora candidates residing in
Graduiertenkollegs is 4,385; of these, 2,500 candidates
were funded by the DFG. In 1996, the average number
of doctoral candidates participating in a
Graduiertenkolleg was 21.

Table 1. Number of Graduiertenkollegs by discipline

1993
175

1994
199

1995
203

1996
214

1997
280

Discipline

Social sciences and humanities..] 57| 64| 63| 64| 81

Biology and medicine..................] 37| 44| 45| 51| 72
Natural SCIENCES.........ccevvvvrnne. 611 69| 72| 71| 90
Technical sciences.........coocevniees 200 22| 23] 28] 37

SOURCE: Deutsche Forschungsgemeinschaft. Entwicklung und Stand des
Programms "Graduiertenkollegs" (Graduate schools).
Bonn: DFG (1997), p. 3.

STranslation by authors.

“Nachwuchswissenschaftlern are doctora candidatesaswell as
postdoctorates.
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PATTERNS OF SUPPORT

Funding for doctoral work is generally acquired in
four ways. (1) injunior postionsat universities, (2) injun-
ior positions a research organizations outside univers-
ties, (3) through grants from various ingtitutions, and (4)
through salf-support (Wissenschaftsrat 1995, pp. 23-36).
These categories are detailed below.

* Junior positions at universities. Universities
employ roughly 7 out of 10 doctora candidatesin
junior positions (usualy caled wissenschaftliche
Mitarbeiter). Often, the contracts are on atem-
porary basis, and doctoral candidates may com-
plete several of these contracts during their doc-
toral work. Mainly because of the growth in con-
tract research, the number of wissenschaftliche
Mitarbeiter grew between 10 and 15 percent in
the 1990s (Baldauf 1998, p. 169). Sdaries vary
from DM 1800 to DM 2000 for part-time contracts
and from DM 3000 to DM 3200 for full-time con-
tracts (after taxes and health insurance payments).

e Junior positions at research organizations
outside univer sities. Research ingtitutions out-
side the universities employ another 4,500 doc-
toral candidates, usualy on 3-year contracts.

* Various grants. Doctoral work is also funded
by grants. Around 8,500 stipends are provided by
a number of organizations. The most important
of these are mentioned here. The Lander grant
around 2,500 stipends yearly
(Graduiertenforderung der Lander). TheDFG
funds around 2,300 through its graduate school
program (discussed earlier). A number of other
ingtitutions, such aspalitica parties, churches, and
trade unions (Begabtenforder ungswerke), pro-
videaround 2,700 doctoral grantsunder strict con-
ditions. The level of the scholarships varies, but
the stipends provided by the DFG are DM 1400
(DM 1700 for technical subjects).

» Sdf-support. About 1 out of 10 doctora candi-
dates is believed to prepare a dissertation with-
out any of the above-mentioned types of funding
(Wissenschaftsrat 1995, p. 36).

Table 2 and figure 6 present the proportions and
absolute numbers of doctoral candidates using the vari-
ous sources of support.

Table 2. Sources of support in 1995 (estimated)

Source of support Percent Number
TOtAl s 100 63,000
Junior staff at universities..............., 70 44,000
Junior staff at research institutes.... 7 4,500
Grants lander ........ccocecviiienencnnen, 4 2,500
Grants DFG.......ccovveevceevee s, 4 2,300
Grants begabten ............ccoevevrunens 4 2,700
Grants Other........cvcveerveneenieneinns 2 1,000
Self-financed..........ccovvvvvevivricnnnn. 10 6,000

SOURCES: Wissenschaftsrat (1995), pp. 23-36 and Baldauf (1998), p.169.

There are considerable differences in both the
sources and levels of support for doctoral candidates. The
magority of Ph.D. candidates in junior positions are in-
volved in research, teaching, and contract work. They
gain vauable professiona experience throughout their
doctoral work. A disadvantage of this situation, however,
is the lengthening completion times that occur due to the
dovetailing of doctoral studies and professiona work
(Baldauf 1998, p. 170). In this regard, work at research
ingtitutions outside universities provides amore favorable
environment: around 70 percent of the candidates here
complete a dissertation in 3 years. At these ingtitutions,
doctoral work is more closely supervised and thesis-re-
lated, and candidates are well funded for their work
(Nerad 19944).

Another area of concern isthe difference between
DFG stipends and aternative sources of support, which
seems to discourage student participation in
Graduiertenkollegs. Thiscontrasts strongly with the goa
that Graduiertenkollegs should attract the most tal ented
candidates. In a study on the ingtitutiondization of gradu-
ate schoolsin Germany, a respondent commented on this
issue (Bartelse 1999, p. 147): “Of course, we would dll
like the best students to enroll in our programs. But in a
number of disciplines, it isnot a matter of strict selection.
The grants of the DFG arerelatively low, which makes it
difficult to attract doctora candidates.”

EMPLOYMENT PATTERNS

Invegtigationsinto the labor market situation of doc-
toral degree-holders are few. Badauf (1998) mentions
that most studies are small scale or date back to the mid-
1980s. Thereis astrong need for research into this area,
and, asamatter of fact, the Wissenschaftlichees Zentrum
fir Berufs- und Hochschulforschung at the University of

131



Figure 6. Sources of support in percentages for 1995 (estimated)
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Kassd is conducting aresearch project on thisissue. For
quantitative information on employment patterns, we must
await the outcomes of this study.

The materia available on the labor market situation
of Ph.D.sin Germany suggests amixed picture. Depend-
ing on the discipline, the orientation of the individua doc-
torate-holder will be toward an academic research posi-
tion, industrial research postion, or job in policy and man-
agement. Outside academia, the doctorate seems to be
esteemed. The number of doctoral degree-holdersin top
positionsin German businessesis disproportionate, reflect-
ing the high status of the doctorate in the German private
sector. Several authorsindicatethat doctoral degree-hold-
erswill increasingly move out of the university sector. A
study on junior staff working on their doctora theses con-
cludes that:

Datashow that the academic work and further quali-
fications of doctora staff cannot be interpreted as
the preparation for an academic career, but must
aso beinterpreted as preparation for future employ-
ment outside higher education. The mgjority of doc-
toral staff do not intend to continue an academic

career and...nearly al of these junior staff mem-
bersin al fields expect that they will have to leave
their university and the area of higher education
(Enders and Teichler 1994, p. 31).

The issue of the labor market position of Ph.D.sis
rather controversiad (Baldauf 1998, p. 176). Even within
the broad discussions of the Graduiertenkollegs, the
subject is barely touched upon. The Graduiertenkolleg
is meant to prevent doctoral candidates from conducting
their work in isolation and specidization. But despite the
introduction of more breadth, the labor market orientation
of doctoral research in a Graduiertenkolleg remains
focused on the university and research. As such, no chal-
lenge to the existing Stuation isimposed. Thereisno ex-
plicit broader labor market perspective required for the
establishment of a school. A representative from the
Wissenschaftsrat commented on this (Bartelse 1999, p.
148): “ Currently, the issue of abroader employability per-
spective is dowly gaining ground in the discussons on
doctoral education. However, | do not believe that it was
on our minds at the outset of the system of
Graduiertenkollegs.”
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PATTERNS OF | NTERNATIONAL

MoBILITY

Doctoral education has aways been international,
and the area now known as Germany has been an impor-
tant place for research training. In medieva times, stu-
dents traveled al over Europe in search of knowledge
and a good education. Throughout the course of history,
these journeys sometimes abated due to political tensions
or for protectionist reasons. But during the heyday of the
German research universities, voyages for knowledge
were commonplace. In reaction to these travel s, doctoral
programswere established on the other side of the Atlan-
tic to keep young American scholars home.

In the post-war decades, international exchange of-
ten took place on the basis of persona contacts between
individual professors. Recent visions of the European
Union and of several European governments see these
exchanges as insufficient (Blume 1993). The scope of
European Community action in the field of education is
defined in article 126(1) of the Maastricht Treaty (EU
1992): “The Community shall contribute to the develop-
ment of quality education by encouraging cooperation
between member states, while fully respecting the re-
sponsibility of the member statesfor the content of teach-
ing and the organization of education systems and their
cultura and linguigtic diversity.” Efforts to cooperate in
the area of research training so far focus on mobility of
researchers, particularly through the Training and Mobil-
ity of Researchers program, which is part of the Euro-
pean Commission’ s Framework Programmes. There have
been suggestions to create a European doctorate® and to
establish international, or rather, European centers for

5See EC (1995). The European doctorate will be accorded under
the following conditions:

® |f at least two professorsfrom two higher education institu-
tions of two European countries, other than the one where
thePh.D. thesiswill be defended, have given their judgment.

® |If a least one member of the jury comes from a higher
education institution in European countries, other than the
one where the Ph.D. thesis will be defended.

® |f part of the defense takes place in one of the officia lan-
guages, other than the one(s) of the country wherethe Ph.D.
thesis will be defended.

® |f the Ph.D. thesis has been prepared partly asaresult of a

period of research of at least one trimester spent in another
European country.

research training. Asyet, however, these suggestions have
not led to more extensive forms of cooperationinthe area
of doctord training.

Another initiative to foster internationa exchangein
the area of doctora training involves a letter of interest
signed between Belgium, Denmark, France, Germany, and
the Netherlands in January 1996. These countries have
committed themselves to support the exchange of doc-
tora candidates and inform each other on devel opments
regarding doctora programs and graduate schools.

The data available for Germany on international
mohbility in doctora education and citizenship of doctora
candidates are scant. Figure 7 presents the absol ute num-
bers of doctoral graduates with German citizenship, as
compared to the number of doctora graduates with for-
eign citizenship. Figure 8 reflects these data in percent-
ages. A gradual increase of foreign doctoral degree re-
cipients can be observed (from 5.5 percent in 1990 to 6.5
percent in 1993).

Through the Graduiertenkollegs, the internation-
alization of research and research training is supported
by funding. The Graduiertenkollegs regard joint inter-
national projectsand the exchange of doctoral candidates
and research staff as important aspects of their function
(DFG 1997). In 1995, 67 Graduiertenkollegs (33 per-
cent) were involved in these internationa activities; by
1996, the number had risen to 81 Graduiertenkollegs
(37 percent); and in 1997, to 133 Graduiertenkollegs
(47.5 percent). The magjority (53 percent) of these projects
are with West European partners (53 percent); in 23 per-
cent of the cases, cooperation is with U.S. or Canadian
partners, 15 percent involve cooperation with Eastern
Europe; and 9 percent with other countries.
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Figure 7. Number of German and foreign citizen doctoral degree recipients
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Figure 8. Percentage of German
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NETHERLANDS

Jeroen Bartelse, Eric Beerkens, and Peter Maassen

| NTRODUCTION

The Netherlands has abinary system of higher edu-
cation: a university sector and a nonuniversity sector pri-
marily consisting of the hogescholen. In the
hogeschol en, advanced professional educationisoffered,
comparable to that provided by the former British poly-
technics. Around 80 hogescholen provide 4-year pro-
grams. Thirteen universities have been established that
offer 4- to 5-year programs leading to the doctorandus
degree. This degree roughly equates to the master’ s de-
gree (Goedegebuure et d. 1994, p. 192). Thedoctorandus
(which literdlly means “one who is entitled to become a
doctor”) degree is usudly the minima requirement for
doctoral degree matriculation, although it is at the discre-
tion of the universities to admit hogeschool graduates.
Doctora candidates may have anormal research or teach-
ing position at universities or other research ingtitutes, or
they may hold a distinct doctora position caled the AiO
or Oi0.! At theinitial postgraduate education level, both
universitiesand hogescholen offer avariety of programs
that lead to recognized degrees and generaly have a
market orientation. Figure 1 graphically presentsthe Dutch
higher education system. In this report, we focus on the
Dutch system of doctoral education.

TRENDS IN GRADUATE EDUCATION

In 1644, the University of Utrecht was the first to
employ the title Philosophiae Doctor et Liberalium
ArtiumMagister (literaly, doctor of philosophy and master
of aliberd art) (Hesseling 1986, p. 25). In those days, a
dissertation could be either of two typesof products, each
with a distinct academic tradition of defense. The first
type was the disputatio sub praeside, where the candi-
date defended a set of printed propositions—Ilater a short
essay—under the direction of the professor. The second
type was the dissertatio pro gradu doctoratus, where
the candidate had to defend a thesis against the opposi-
tion of a larger academic audience of students, doctors,
and magisters. The public defense often featured an ex-
tensveritud, such asthe one at the University of Leiden,
which involved an elaborate processional, speeches laud-
ing the successful candidate, arecessional, and agradua-
tion dinner. At present, many of theserituals are till fea
tured at Dutch universities. In the 17th and 18th centu-
ries, the doctorate represented a“ vocational” degreerather
than aresearch degree; the holder was entitled to teach.

Figure 1. The Dutch higher education system

AlO
0lo
other

The Netherlands

Universities

Hogescholen

SOURCE: D. De Wied, Postgraduate Research Training Today: Emerging Structures for a Changing Europe,
The Hague: Netherlands Ministry of Education and Science, 1991.

1These positions are described later in this paper.
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In the course of the 19th and early 20th centuries,
the process of obtaining the doctorate gradually changed.
Although Dutch universities remained ingtitutions of edu-
cation (Wachelder 1992, p. 28), the research ethos gained
importance. The functions of the degree changed under
the influence of the research imperative of the German
universitiesand laboratories. The doctorate became proof
of one's capabilities to conduct independent research. In
the sciences in particular, renowned scholars formed re-
search groups where research was conducted in master-
apprentice relationships. Although inspired by German
universities, the Dutch doctoral system has developed
within its own distinct societal and academic context, and
is sometimes not comparable to the German example.?

After World War 11 and up until the 1980s, an indi-
vidual pursuing a Ph.D. was usually employed as faculty
staff—sometimes in the position of a research assistant,
but also asregular (senior) staff. Apart from being a pro-
found rite of passage, the writing of a doctoral disserta-
tion was an informal endeavor. The process was not a
fixed series of tasks dictated by university or government
standards. Usualy, it had the characteristics of the ap-
prentice model: a doctora candidate working under the
guidance of aprofessor. Y e, unlike the German Situation,
the role of the supervisor or chair-holder was less au-
thoritative. The writing of the dissertation was primarily
theresponsibility of the person desiring the degree. There
were, of course, strong differences by discipline.

In the natural sciences, research was conducted in
[aboratories through collaborative effort. As early asthe
1950s, preparation of a dissertation in the sciences had
shifted from individual work to an educationa process
supervised by senior staff and asupervisor. This, together
with a clear demand for qualified researchers from out-
sdethe universty, led to the concentration of larger groups
of doctoral candidates in university laboratories
(Beenakker 1990, pp. 321-22). A representative from this
field once described this Situation as follows (Bartelse
1999, p. 91):

Inthe natural sciencesthere has alwaysbeen ahigh
degree of organization. The research team conducted
acontrol function for the quality and proceedings of
those working on adissertation. Therole of the pro-

2Moreover, the German example did not provide an ambiguous
model upon which to base auniform research practice. For an elabora-
tion of this point, see Wachelder (1992), pp. 27-22, and Clark (1995).

fessor can be compared as a coach: he gives in-
tense guidance to the doctoral candidates without
actually conducting the specidized research himsalf.

In contrast to the natural sciences, the role of the
dissertation featured less prominently in the socid sci-
ences and humanities. The digointed organization of re-
search in the humanities and socia sciences stimulated
individual undertakings. The dissertation was written in
relative isolation, in addition to fulfilling teaching and re-
search responsibilities. Caught between the demands of
regular teaching and research loads and high ambitions,
the thesis frequently became for these researchersalife-
long magnum opus. In addition, and unlike the natural
sciences, aclear labor market demand for doctors in the
socia sciences never developed. Hence, these fields did
not experience astructuring influence on the doctora pro-
cess from the outside. The role of the supervisor was
also different than in the sciences. The candidate’s su-
pervisor was actually more of a colleague who, oncein a
while, commented on the work in progress.

Since the 1960s, the Dutch government has moved
into the area of research training. In a series of policy
statements and laws, attempts have been made to adjust
or reform doctora training according to varying objec-
tives. These are addressed in the next section. In there-
mainder of this section, we provide some quantitative
trends on doctoral education.

Assaid, doctora work can be conducted while serv-
ing in one of two junior positions that were created for
doctoral candidates in 1986. Thus, a candidate can be an
assistant in education (assistent in opleiding—AiQ) if
employed by a university, or a researcher in education
(GIO) if employed by the Netherlands Organization for
Scientific Research (NWO). Dissertations are also pre-
pared while employed in norma research positionsat uni-
versities or in a candidate’ s spare time. About this latter
group of doctord candidates, the available information is
lessdetailed and less accurate. Figure 2 presentsthe num-
ber of Ph.D. degrees awarded between 1980 and 1995.
The number of Ph.D. graduates has risen from 700 in
1980 to 2,600 in 1996. Since 1990—4 years &fter thein-
troduction of the AiO system—the increase in awarded
Ph.D.sis striking. Figure 3 shows a proportiona bresk-
down of Ph.D. degrees by discipline.
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Figure 2. Number of Ph. D. degrees awarded, 1980-95
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SOURCE: Vereniging van Samenwerkende Nederlandse Universiteiten (VSNU), Kengetallen Universitair Onderzoek 1996/1997. Utrecht.

Figure 3. Breakdown of Ph. D. degrees awarded by discipline
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Figure 4 presents the number of doctoral students doctoral education is reflected in figure 6: the participa-
by type (AiO and QiO). Figure 5 showsthe proportion of  tion of women in AiO positions has gradually increased
AiOsinvariousdisciplinary fields. Femde participationin ~ from 29 percent in 1990 to 35 percent in 1995.

Figure 4. Number of doctoral students by type
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Figure 5. Proportions of AiOs by discipline
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Figure 6. Female participation in doctoral education
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In the Netherlands, 7 percent of al Ph.D. candi-
datesfinish their degree within the nominal time of 4 years,
after 5 years, this proportion is 35 percent; after 6 years,
55 percent. Eventualy, 80 to 85 percent of Dutch candi-
dates obtain a doctoral degree (VSNU 1996).

DoctoraL REFORMS

As mentioned in the previous section, government
has moved into the business of doctora education since
the 1960s. It goes beyond the scope of this paper to de-
scribethevarious policy developmentsthat have occurred
since then. We present here the main points of discussion
that can be considered important impetuses to change in
the doctoral system in the Netherlands.

THE FuncTIioN OF DocTORAL TRAINING
AND THE DOCTORATE

As university education massified and began to ca
ter to awide range of labor market positions, adiscussion
emerged to accommodate research training in a separate
program. This implies a break with the traditional view,
particularly in the socia sciences and humanities, of the
doctorate as a life-long masterwork. Instead, the doctor-
ate becomesaproof of one sabilitiesto conduct indepen-

dent research. Still, the criteria used to judge a doctorate
(an original piece of research usudly written as a mono-
graph) stem from the early tradition and not from this
new conception of doctora training.

STRUCTURE AND DURATION OF TRAINING

Van Hout (1988) notes that two different models of
doctord training underlie the Dutch policy discussions.
The firgt involves a 3- to 4-year period of work on adis-
sertation as a temporary staff member at a university.
The second model consists of two stages, a 1-year stu-
dent assistantship and a 2- to 3-year temporary assign-
ment to write a dissertation. These models reflect dispar-
ate opinions asto what the timeto degree should be. Until
the introduction of the AiO system (see below), time to
degree did not drop considerably, adthough the sciences
were better able to restrict time to degree than the social
sciences and humanities.

THE EmPLOYED EDucATIONAL CONCEPT

Two educationa models can be distinguished in the
history of Dutch doctoral education. The idea of learning
by doing (the apprenticeship modd) prevailsin early policy
documents and laws. The professional model features
more explicitly in the policy documents of the 1980s. The
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incorporation of coursework elementsis motivated by the
desire to shorten time to degree, to bring down attrition,
and to be attuned to international devel opments.

AccCESSIBILITY OF GRADUATE EDUCATION
AND SELECTION OF CANDIDATES

As research training became a separate tier in uni-
versity education, the issue of selection cameto the fore.
Usudly, sdlection was considered to be based on indi-
vidual competencies—although more random approaches
have been proposed in the interest of greater egalitarian-
ism (Sonneveld 1996, p. 34). The appropriate amount of
first tier students to enter second tier education (more or
less), and the selection procedures employed (open com-
petition with equa chances or ingtitutionaly based com-
petition less subject to objective criteria), were subject to
discussion during dmogt al policy phases.

We here discuss two important, relatively recent,
reforms in the Dutch doctoral system. The first regards
the introduction of the AiO system in 1986; the second,
the introduction of a system of graduate schoolsin 1991.

AiO System. Up until 1984, policy discussons on
research training were amost a side effect of discussions
on the organization of university education in generd,
rather than arising from perceived problems or systemic
analysis of doctoral education. In 1984, apolicy paper on
doctora education (Parliamentary Proceedings 1983-84,
pp. 9-13) stated that the implementation of the second
tier in general faced a number of problems. Concerns
were expressed about the implementation of the so-called
second tier as if it were a continuation of the first tier
(i.e., first degree) education; about the lack of coherence
in second tier program offerings; about inappropriate ac-
cessibility and selection mechanisms; and about the high
expenditures in the second tier. With regard to research
training specifically, the document expressed doubts about
the value of the 1-year onderzoeker sopleiding (the re-
searcher-student) to the labor market. The policy paper
suggested providing advanced research training by way
of active participation of the candidates in university re-
search and, to a limited extent (less than 25 percent), in
teaching and administration. The idea was expressed of
creating a separate employment position for the doctoral
candidate. This position would comprise a4-year appoint-
ment as a research trainee; this was the genesis of the
above-mentioned AiO and OiO positions.

In the act that followed the policy, the AiO was in-
troduced as a distinct academic position.® Regulations
proscribing the position were published a year later. In
summary, these comprised the following (Staatsblad 1986;
see also Van Hout 1988, p. 15):

* The AiO has a temporary appointment in order
to receive advanced scientific education.

* Theobjectivesof the gppointment are determined
explicitly.

* The AiO usudly holds his or her position for 4
years.

e TheAiO conductsscientific research and records
theresultsin adissertation; the extent of thiswork,
including ingtruction and supervison time, con-
sumes at least 75 percent of his/her appointment.

* Aningruction and supervison plan is drawvn up
for the AiO, and this plan is evaluated and ad-
justed after a year. In this plan is specified (1)
what knowledge and skillsareto be acquired and
how, (2) who supervises the AiO, and (3) the
number of hoursthe AiO is entitled to receivein
personal supervision.

* After ayear, an evduation is conducted on the
basis of the instruction and supervision plan. The
university boards determine the evaluation pro-
cedures and criteriato be employed.

¢ Attheend of the contract time, the AiO receives
a certificate that reflects an overview of hisher
publications, the education received, and higher
contributions to teaching.

* For the part of the appointment for which the
AiO receivesingtruction and supervision (and thus
doesnot conduct “ productive labor”), he/she does
not recelve salary. Thisis specified for dl AiOs
in fixed percentages.

3AiOs are employed by the universities. The Dutch Research
Council [not the same term used earlier in text] also employs doctoral
candidates, under dlightly different employment conditions; these are

called researchersin training [not the same term used earlier in text
(Gi0).
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Although it is gill possible to write a dissertation
outside the AiO system, the regulatory framework uni-
formly structures the position of the doctoral candidate
for all disciplinary fields. Of note is the status of the in-
struction and supervision plan: instruction—in addition to
“learning by doing”—now occupies an important, formal
place in the process leading to the doctorate.

Graduate Schools. The AiO system as such did
not provide adequate mechanisms to shape the second
tier of higher education satisfactorily. In March 1990, the
Dutch minister of Education and Sciences established the
Committee Rinnooy Kan (named after itschairman). This
committee was tasked with investigating the creation of
research schools. On the committee’' s establishment, the
minister formulated five reasons for the development of
research schools (Parliamentary Proceedings, 1990-91,
p. 5; AWT 1994).

* Thereisaneed for more structured researchtrain-
ing. Theintroduction of the two-tier structurere-
sulted in an accessiblefirgt tier limited in duration
to 4 years, and a selective second tier that is ex-
pected to provide high-quality research training.
As the AiO is expected to complete a disserta-
tionin4years time, astructured and well-super-
vised training trgjectory is necessary.

* The Dutch society and economy are devel oping
into a knowledge-intensive system. As a conse-
guence, there is a need, both in the private and
public sectors, for highly educated people—not
only for firg-tier-trained individuals, but also for
thosewho havereceived further (research) train-

ing.

* Although research has always been an interna-
tionally oriented activity, it is expected that the
internationalization of research will continued to
grow. Researcherswill become more mobile, and
excellent centers of research will attract these
researchers across borders. Thiscallsfor arein-
forcement of the Dutch infrastructure.

* In order to operate internationally, sparse and
scattered research capacity must be concentrated
and fragmentation avoided. It is necessary to
generate critica mass through cooperation among
universities and other research ingtitutions.

* Current governmental arrangementsdo not guar-
antee selectivity, which is the prerequisite for
ensuring quality of research, researchers, and
research training. More emphasis on selectivity
in the research system is needed.

As expressed in these five points, the reason to es-
tablish research schools not only lay in the desire to give
shape to research training—although this can be seen as
the original motive (Ritzen 1990, p. 315; and Hazeu 1991,
p. 112). The research school was also seen as a vehicle
for stimulating the emergence of research centers of ex-
cellence to operate on an international scale.

Initsreport, Vorming in Vorsen (1990), the Rinnooy
Kan Committee recommends a heterogeneous system of
research schools, which would alow the different disci-
plines to retain their specific characters. The committee
sees the university as the primary ingtitution responsible
for the research school. The universities serve as
gatekeepersfor the multitude of initiativesthat may emerge
at the faculty and departmental levels. Nevertheless, the
committee also expects that alarge number of research
schools will develop (“between 50-150"). These schools
should compete for resources from science foundations,
industry, and European funds. Although the committee
rejects to alarge extent the concept of uniformity, it does
formulate characteristics “that should be typicd of al re-
search schools’ (Rinnooy Kan Committee 1990, p. 6).
According to these characteristics, a research school
should:

1. train individuas to become independent re-
searchers,

2. beahigh-quality research center;

3. beanindependent organizationd unit with bud-
get respongihilities;

4. be dffiliated with at least one university, but
usualy with more (university) ingtitutions;

5. be of adequate size, so as to benefit from
economies of scale;

6. carefully select research proposals and re-
search assistants;

7. guarantee supervision and outstanding educa-
tiona quality;
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8. formulate a policy on postdoctorate positions;
9. have agood nexus with the first tier; and
10. be accountable and conduct evaluations.

Thereport explicitly reflectstheinitial call to creste
asatisfying structure of research training, but it also fore-
sees the development of topinstituten (centers of excel-
lence) as a means of securing high-qudity research in
selected areas. This latter aspect is captured in a pro-
posal (the Snellius Program) to select two to three excel-
lent research schools each year. These schools would
receive extra financial support for a period of 5 years.

From the governmenta standpoint, research schools
are defined as centers of high-quaity research in which
structured training is offered to young researchers (Par-
liamentary Proceedings 1990-91). The reasoning behind
thisisthat good training of researchers can only be con-
ducted in an environment of high-quality research. The
system of research schools should give impetus to high-
quality research and education. Therefore, the minister
decided to stimulate the development of a broad, yet se-
lective, system of research schools, from which—even-
tually—should develop a limited number of centers of
excellence. The government standpoint agreesinitsmain
points with the advice of the Rinnooy Kan Committee.
The government envisages a diverse system of research
schools that share a number of common characteristics.
The characteristics suggested by the Rinnooy Kan Com-
mittee are endorsed, but complemented on a few points.
The minister acknowledges the importance of sufficient
critical mass; he adds, however, that this consideration
should not prevail over functional coherence. Therefore,
the scale criterion is complemented with the condition that
the school should have a sufficiently homogeneous train-
ing and research program. Another aspect in which the
government standpoint adds to the committee's criteria
regards the need for researchers in the labor market. In
this respect, the minister stresses the importance of
postdoctoral positionsin aresearch school. Furthermore,
the government stipulates that research schools should
have budget responsbility; to this end, sufficient funds
are to be dlocated from the hosting universities to the
research schools.

The government subscribesto theideathat research
schools should be developed bottom-up. In order to allow
this, yet to ensure qudity, the government proposes atwo-

step procedure for the establishment of recognized re-
search schools. At the faculty levd, initiatives are under-
taken to establish aresearch school. The executive board
of auniversty—or boards, if more than one university is
involved—determines whether such aninitiative complies
with the aforementioned criteria and may give the re-
search school alegal foundation as a research institute.
Also, the university boards sign a contract as to the re-
sources available for the school for aperiod of at least 5
years. The next step toward recognition lies outside the
university context. The minister has delegated the task of
formal recognition of research schoolsto the Royal Dutch
Academy of Sciences (KNAW). For this task, an inde-
pendent committee (organizationaly linked to the KNAW)
named Er kenningscomi ssie Onder zoekscholen (Com-
mission for the Recognition of Research Schools—ECOS)
has been assigned. ECOS has designed, on the basis of
the 10 characterigticsidentified by the Rinnooy Kan Com-
mittee, a protocol designating a procedure with which re-
search schools should comply in order to achieve formal

recognition.

By March 1998, 119 research school s had been reg-
istered in virtudly al disciplinary fields (VSNU 1998, p.
6). ECOS has recognized 107 of these schools (table 1).
Although the system of research schoolsis envisaged to
include al doctoral candidates, participation rates differ
by fidd. There is aso variation in the level of develop-
ment of the schools across these fields. The total number
of AiOs and OiOs participating in research schools is
around 7,460 (as of March 1998).4

PATTERNS OF SUPPORT

Dutch doctord candidates are basically funded by
three different sources, called first, second, and third
money flows (Koelman, Vossensteyn, and Jongbloed
1998). The first flow is supplied by the Ministry of Edu-
cation, Science, and Culture to the universities. The uni-
versities pay their academic staff and AiOs from these
funds. The second flow of funds is alocated through the
NWO. From these funds, the OiOs are paid. The third
flow of fundsisacquired through contracts with govern-
ment, nonprofit organizations, private companies, chari-
table boards, and the European Community. In additionto
these sources of support, doctorates can be financed by
other employers or on their own.

4Ten research schools did not submit quantitative information
on this matter.
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Table 1. ECOS-recognized research schools

in the Netherlands

Discipline 1992 | 1993 | 1994 | 1995 | 1996 | 1997
Totaleres 191 24 62 86| 98| 107
Agriculture................, 0 1 2 5 5 5
Economics 1 1 1 1 2 3
Health sciences........ 5 6] 12| 13 151 15
Humanities................ 1 1 11 141 14
LaW..voverreieririninnne 0 0 0 1 1 2
Natural sciences....... 7 8 21| 25 27| 28
Social sciences......... 1 2| 101 15 171 18
Technical sciences... 4 5 10 15 7] 22

SOURCE: Vereniging van Samenwerkende Nederlandse Universiteiten
(VSNU), Kengetallen Universitair Onderzoek 1998. Utrecht.

Table 2 gives an overview of the sources of funding
for doctoral candidates by money flow type (that is, the
proportions of doctoral students using different sources
of support). Table 3 shows the sources of support by field
of study. These data should be taken as indicative rather
than precise. The figures are taken from a study by
Hulshof, Verrijt, and Kruijthoff (1996, p. 66) and reflect
the characteristics of a survey population of 2,652 re-
spondents.

Table 2. Funding sources for doctoral
candidates (percentages)

AiOsand OiOs receive sd aries according to a spe-
cia saary scae. Inthefirst years of their appointments,
salaries are cut back to compensate for the training they
receive. Table 4 shows the monthly incomes for each
year of their appointments (as of January 1, 1998).

Table 4. Monthly incomes of AiOs and OiOs

Year of appointment Salary
RV T=T: | DFL 2.184,--
PR SR DFL 2.495,--
Y. DFL 3.053,--
ANVAN......eeeeeerereeseeeeeeeeeeeeene DFL 3.899,--

SOURCE: Hulshof, Verrijt, and Kruijthoff (1996), p. 66.

Recently, the labor market situation forced univers-
tiesto change their financial support of AiOs. In 1995, a
number of Ph.D.scoming out of the AiO system could no
longer be absorbed by the (academic) labor market. The
universities were, however, obliged to make unemploy-
ment payments, which signified animportant financia loss.
Some universities decided to introduce Ph.D. grants in-
stead of employment. This would discharge them of the
responsibility of making unemployment payments. The
results for doctoral candidates can be imagined: lower
incomes, poorer benefits, and afeeling of being unappre-

ciated for their work.
Funding source | Total | AiO 0i0 Doctpral Doctoral
univ ext
1 HOW..evveees 4% 81 6 a7 9 In the following years, however, the labor market
o oW ol 12| s 2 25 Stuation for academics improved considerably. Almost
. al universities abandoned the grant system, which is now
39 flow....oorien. 27 21 8 31 17 . . .
Research inst u s ; u 8 only in placefor Ph.D. programsthat aim to attract inter-
otherermol........ ; ) A 3 2 national candidates. Instead, as AiO positions became
) Pl difficult to fill, universities have started to complement
Private.................... 10 2 1 8 41 . .
AiO salariesto alevel comparable to that for other aca-
Total espondents.., 265218621 451 1,086 28 demic gaff members. This phenomenon is particularl
SOURCE: Hulshof, Verrijt, and Kruijthoff (1996), p. 66. . p par y
commonplace at the universities of technology.
aple C 0 SO 0 eld (pe e aje
Funding source | Agriculture | Natural science| Tech. science|] Medicine | Economics Law | Social sciencel Humanities
Total respondents.., 108 868 327 447 137 85 401 278
1w, 37 42 47 36 69 81 58 52
29 IOW...e 34 44 30 31 18 20 26 31
39 flow......eens 3 16 35 4 12 6 20
Research inst..... 15 8 9 15 6 8
Other empl.........] 5 5 11 6 1 6
Private............ 3 2 4 13 8 14 21

SOURCE: Hulshof, Verrijt, and Kruijthoff (1996), p. 66.
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The recent developments in conditions of support
illustrate the ambiguity that exists around thisissue. AiOs
and OiOs basically occupy ahybrid position at Dutch uni-
versities. On the one hand, they are studentswho receive
training and supervision. On the other hand, they are con-
sidered the engine of scientific work. The financia sup-
port structure that was introduced in the framework of
the AiO system basicaly reflectsthis hybrid position. But
external forces, such asthe labor market and the interna-
tionalization of postgraduatetraining, areincreasingly put-
ting pressure on this situation.

EMPLOYMENT PATTERNS

The labor market position of doctora degree-hold-
ers has been the subject of discussion since the mid-1990s.
The Dutch academic labor market was perceived as be-
ing unable to absorb the increasing number of young doc-
toral degree-holders aspiring to an academic career. At
discussion seminars on this topic, doctoral candidates
tended to refer to themselves as a “lost generation.” In
1996, the Ministry of Education, Culture, and Science
commissioned a study of the labor market situation for
doctora candidates (Hulshof, Verrijt, and Kruijthoff 1996).

Unemployment among doctorate-hol ders appeared
to be less than among non-Ph.D.s. 6 percent versus 14
percent. For those Ph.D.s who obtained their degree
through an AiO or OiO position, the unemployment figure
is dightly higher: for AiOs, 9 percent; for OiOs, 12 per-
cent (Hulshof, Verrijt, and Kruijthoff 1996, p. 51). This
picture, as compared to the Dutch labor force overdl, is
not negative. However, employment conditions in terms
of salaries and job security are generaly less favorable
for Ph.D.s.

Figure 7 shows the labor market destinations of
Ph.D.s as compared to non-Ph.D.s. Clearly, most doc-
torate-holders find work in research and teaching posi-
tions at universities or research ingtitutes (54 percent) or
inindustry (16 percent). Thereis, however, amove away
from academia and into other positions. In 1983, 70 per-
cent of Ph.D.s worked a universities; in 1995, only 38
percent were employed by auniversity. Although 70 per-
cent of doctorate-holders have a research job—afigure
that has been quite stable since 1983—most Ph.D.s ex-
change this type of work for another at some point along
their career path.

Figure 7. Labor market destinations of Ph. D.s and non-Ph. D.s (percentages)

50
15 Bph.D.
___ B Non-Ph. D.
40
35
30
25
20
15 —
10
0 _— : : : - : I V_. :
Agriculture Industry Commerce  Governance Universities ~ Research Education  Other services
institutes

SOURCE: Hulshof, Verrijt, and Kruijthoff (1996), pp. 65-66.
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Ongoing discussions of the labor market for Ph.D.s
have gradualy become less informed by pressing labor
market issues, which alows for a more fundamental dis-
cussion of the labor market itself. There is a move to-
ward discussing the consequences of a broader labor
market orientation for doctoral education. If replenish-
ment of the professorate is not the main labor market
objective for the Ph.D. degree, then how should doctoral
education (which is still very much focused on academic
work after doctorate award) meet the societal needs of
highly educated professionas? This issue fundamentally
affects the orientation of doctoral education: toward the
market or toward academia (see Bartelse and Hulshof
1996)? Subsequently, the question is being asked as to
what implications this changing orientation will have for
the process of acquiring a doctorate. If a broader labor
market orientation is accepted, then the qualifications re-
quired for a Ph.D. graduate may need to be reconsid-
ered. Thereare afew experimentswith the* professional
doctorate’—i.e., degrees for employed professionals—
but the issueis dtill a sensitive one.

PATTERNS OF | NTERNATIONAL
MoBILITY

Systematic data on the number of foreign doctoral
students in the Netherlands and the number of foreign
doctoral degrees earned by Dutch citizens are not avail-
able so far. Our impression is that Dutch universitiesin-
creasingly attempt to attract foreign Ph.D. students. Par-
ticularly in the sciences, which face difficulties in filling
vacant doctoral positions, the number of foreign doctoral
studentsis increasing.

At the nationa and supra-nationa levels, severa
initiatives have been developed to stimulate international
mobility of doctora candidates (see aso the German coun-
try report included in this volume). At the initiative of the
Dutch Minister of Education and Science, Belgium,
France, Germany, the Netherlands, and—|ater—Denmark
established an international advisory committee on new
organizational forms of graduate research training. The
committee was established with the following terms of
reference: to provide an opinion on the proposal of the
Dutch Committee on Graduate Schools, particularly inlight
of European and international aspects; “to consider and
compare the new organizational forms of graduate re-
search training on a doctoral level currently emerging in
many European countries...to provideindicationsand rec-
ommendationsthat alow for more cooperation at thelevel

of graduate training; and to sketch ideas for the further
evolution of these new systems of graduatetraining” (De
Wied 1991, p. 9). The cooperation that evolved from this
initiative has led to a letter of interest signed by Belgium,
Denmark, France, Germany, and the Netherlandsin Janu-
ary 1996. These countries have committed themselvesto
support the exchange of doctora candidates and to in-
form each other of developments regarding doctoral pro-
grams and graduate schools.

The European Union is stimulating internationa co-
operation in the area of doctord training. In the post-war
decades, international exchange often took place on the
basis of personal contacts between individual professors.
Recent visions of the European Union and of severa
European governments see these exchanges as insuffi-
cient (Blume 1993). The scope of European Community
action in thefield of education isdefined in article 126(1)
of the Maastricht Treaty (EU 1992): “The Community
shall contribute to the development of quality education
by encouraging cooperation between member sates, while
fully respecting the responsibility of the member states
for the content of teaching and the organization of educa-
tion systems and their cultural and linguistic diversity.”
Efforts to cooperate in the area of research training so
far focus on mobility of researchers, particularly through
the Training and Mobility of Researchers program, which
is part of the European Commission’s Framework
Programmes. There have been suggestions to create a
European doctorate® and to establish international, or
rather, European centers for research training. As yet,
however, these suggestions have not led to more exten-
sive forms of cooperation in the area of doctoral training.

5See EC (1995). The European doctorate will be accorded under
the following conditions:

* |f at least two professorsfrom two higher education institu-
tions of two European countries, other than the one where
thePh.D. thesiswill be defended, have given their judgment.

* |f a least one member of the jury comes from a higher
education institution in European countries, other than the
one where the Ph.D. thesis will be defended.

* |f part of the defense takes place in one of the official lan-
guages, other than the one(s) of the country wherethe Ph.D.
thesis will be defended.

* |f the Ph.D. thesis has been prepared partly asaresult of a
period of research of at least one trimester spent in another
European country.

149



150



ACKNOWLEDGMENTS

The authors wish to thank Petra Boezerooy, Frans  Education Policy Studies Higher Education Monitor Unit
Kaiser, and Anne Klemperer from the Center for Higher  for the Satistical information provided.

151



152



REFERENCES

Adviesraad voor Wetenschap en Technologie (AWT).
1994. Advies over Onderzoekscholen. Den Haag. No.
15.

Bartelse, JA. 1999. Concentrating the Minds: The In-
stitutionalization of the Graduate School Innovation
in Dutch and German Higher Education. Utrecht:
Lemma.

Bartelse, JA. and M.J.F. Hulshof. 1996. Tien jaar AiO-
stelsel: beelden van de arbeidsmarkt. Tijdschrift voor
Hoger Onderwijs Management 5: 57-61.

Beenakker, JJM. 1990. Randvoorwaarden voor de
Onderzoekersopleiding. U&H 36(6): 321-29.

Bijleveld, R.J., and J.V. Buissnk. 1985. De historie van
de herstructurering van het wetenschappelijk
onderwijs (1945-1981). Enschede: Center for Higher
Education Policy Studies.

Blume. 1993. Lecture at the Conference on Postgradu-
ate Research Training.

Clark, B.R. 1995. Places of Inquiry. Berkeley: Univer-
sity of California Press.

De Wied, D. 1991. Postgraduate Research Training
Today: Emerging Structures for a Changing Europe.
The Hague: Netherlands Ministry of Education and Sci-
ence.

European Commission (EC). 1995. Memorandum on
European Cooperation With Regard to Postgraduate
Sudies. Brussels.

European Union (EU). 1992. The Treaty on European
Union (Maatricht Treaty). Brussels.

Frijdd, A., and JA. Bartelse. 1999. The Future of Post-
graduate Education. Brussals: Commission of the Eu-
ropean Union. In press.

Goedegebuure, L., et al., eds. 1994. Higher Education
Policy: An International Comparative Perspective.
Oxford: Pergamon Press.

Hazeu, C.A. 1991. Research Policy and the Shaping of
Research Schools in the Netherlands. Higher Educa-
tion Management 3(3): 283-91.

Hessdling, P. 1986. Frontiers of Learning: The Ph.D.
Octopus. Dordrecht: Floris Publications.

Hulshof, M.J.F., and JA. Bartelse. 1997. Tien jaar AiO-
stelsel: feiten over de arbeidsmarkt. Tijdschrift voor
Hoger Onderwijs Management 1. 60-65.

Hulshof, M.JF., A.H.M. Verijt, and A. Kruijthoff. 1996.
Promoveren en de Arbeidsmarkt: ervaringen van de
‘lost generation’. Den Haag: Ministerie van Onderwijs
Cultuur en Wetenschappen.

Koelman, JB.J., J.J. Vossensteyn, and B.W.A. Jongbloed.
1998. University Funding Mechanisms in Europe. In-
terim report on the first phase of the study. Enchede:
CHEPS.

Parliamentary Proceedings. 1983-84. Beleidsnota
Beiaard. Vergaderjaar, 18 320, nr.1.

. 1990-91. Onderzoekschool. Vergaderjaar, 21
839, r. 2.

Posthumus, K. 1968. De Universiteit: doelstellingen,
functies, structuren. ‘s Gravenhagen: Staatsuitgeverij.

. 1970. Universitair Onderwijs: Structuren. ‘s
Gravenhagen: Staatsuitgeverij.

Rinnooy Kan Committee. 1990. Vorming in Vorsen: van
student tot zelfstandig onderzoeker. ‘s Gravenhage.

Ritzen, JM.M. 1990. Onderzoekbeleid toegespitst op de
opleiding van onderzoekers. U& H 36(6): 314-20.

Sonneveld, H. 1996. Promotoren, Promovendi en de
Academische Selectie: de collectivisering van het
nederlandse promotiestel sel, 1984-1995. Amsterdam:
Universiteit van Amsterdam.

Staatsblad. 1986. Rechtspositieregeling Assistenten in
Opleiding. Jaargang, 430.

Van Hout, JF.M.J. 1988. Onderzoekers in opleiding.
Nijmegen: Instituut voor onderwijskundige
dienstverlening.

Vereniging van Samenwerkende Nederlandse
Universiteiten (VSNU). 1996a. BIOS 1995. Utrecht.

153



. 1996b. Kengetallen Universitair Onderzoek . 1998b. Kengetallen Universitair Onderzoek
1996/1997. Utrecht. 1998. Utrecht.

. 1997. Kengetallen Universitair Onderzoek Wachelder, JC.M. 1992. Universiteit tussen Vorming
1997. Utrecht. en Opleiding: de modernisering van de Nederlandse

universiteiten in de negentiende eeuw. Hilversum:
. 1998a. BIOS 1997. Utrecht. Verloren.

154



SWEDEN

Jeroen Bartelse, Eric Beerkens, and Peter Maassen

| NTRODUCTION

The Swedish higher education system before 1977
can be characterized as heterogeneous and centralized.
After the Second World War, alarge variety of schoals,
colleges, and courses existed. Labor market and economic
forces stimulated the government to introduce an ambi-
tious policy and administrative measures that would ex-
pand the whole education system above grade 7. These
measures led to an expansion of higher education that
was probably faster than in any other Organisation for
Economic Co-operation and Development country
(Svanfeldt 1994). This expansion occurred mainly in the
1960s: at the end of this decade, there were about three
times as many studentsin higher education as at the start
of the decade. The capacity of the existing ingtitutions
was not sufficient to accommodate the student explosion.
Thisresulted in the establishment of a parliamentary com-
mitteein 1968. The report by this committee, published in
1973, led to thorough reforms of the entire Swedish higher
education systemin 1977. Under thesereforms, al higher
education ingtitutions became integrated into one system
of tertiary-level education called the hogskola. This is
the Swedish collective namefor higher education, encom-
passing not only traditiona university studiesbut also those
at the various professiona ingtitutes and university col-
leges, aswell as anumber of programs previoudly taught
in other forms of the educationa system. Most of the
programs included in the broadened definition of higher
education are under the jurisdiction of the Ministry of
Education and Science, others are under the Ministry of
Agriculture, and paramedical programs are under the
county councils.

Between 1977 and 1993, a system of nationa pro-
grams existed in the Swedish higher education sector. The
date determined the curricula, program length, overall
ams, etc., of al higher education programs offered. The
educationd system was organized into general study pro-
grams, loca study programs, and single subject courses.
In 1993, the government decided to loosen requirements
in order to alow for more variation at the loca level, and
thus more correspondence with the labor market. Under
these reforms, ingtitutions were alowed to develop their
owWn programs.

With the 1993 reform of higher educetion, ingtitu-
tions were given increased autonomy in the organization
of their studies, admissions, use of resources, and general
organization. Under the present system, the government
only specifies program lengths of degrees. Different de-
grees correspond to the number of “study points’ needed
to complete them. In figure 1, a graphica overview is
presented of the Swedish higher education system. Three
typesof undergraduate degreesare offered. After 2 years,
students earn 80 points and are eligible to receive a di-
ploma (Hogskole). Completion of athree-year program
(120 points) is rewarded with a bachelor’s degree
(Kandidat), and students who complete 4 years (160
points) receive amaster’ sdegree (Magister). The Swed-
ish system al so offerstwo types of postgraduate degrees:
the licentiate and the doctorate.! These are addressed in
detail below. The totd number of higher education stu-
dents in 1996-97 was 300,380, of whom 16,550 were ac-
tive postgraduate students. In this academic year, 840 li-
centiate degrees and 1,720 Ph.D.s were awarded
(Hogskoleverket 19984). Professional degrees are aso
offered. The program lengths for these professiona de-
grees vary from 1to 5.5 years.

TRENDS IN GRADUATE EDUCATION

Until 1969, Sweden had a Licentiatexamen and a
traditional doctorate. The median time of study from the
kandidatexamen or magisterexamentothelicentiatewas
about 5 to 6 years, and the time from the licentiate to the
doctorate was about 5 years. This means that, after
completion of the undergraduate degree, the time to
completion of the doctoral program was 10 yearsor more.

During the research training reforms of 1969, these
degreeswerereplaced by thedoktor sexamen with atime
restriction and compulsory courses. The new postgradu-
ate education system that was launched in 1969 had two
main purposes (Zetterblom 1993):

* to shorten the time spent in graduate studies by
introducing courses instead of literature studies,
improving supervision of thesiswork, and reduc-

1Throughout this report, we use the term “postgraduate” to
refer to studentsin either licentiate or doctorate programs.
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Figure 1. The Swedish higher education system

Sweden
Magister
Kandidat
; . Hogskole- Prof.
Universities exam degrees

SOURCE: Statistica Centralbyran (1997). Universitet och hogskolor Forskarutbildning: Nyantagna, registrerade och examinerade lasaret 1993/94,

1995/96, and 1996/97. Orebro.

ing demands on the thes's so that completion of
the dissertation was seen as a career step in-
stead of alife-long project; and

* to bring graduate education in Sweden closer to
what was considered an international norm: the
Anglo-Saxon Ph.D.

Since the 1969 reforms, the forma length of the
program from enrollment to completion of dissertation has
been 4 years. The average length of study, however, is
dtill higher. For those who took the doktorsexamen in
1994, the program took an average of 7 years from ad-
mission to research training to thesis defense (Kyvik and
Tvede 1998).

Across different faculties, however, there are large
differences between lengths of study. The average dura-
tion of study in the humanities and socia sciences, for
instance, is considerably longer than in engineering, the
natura sciences, and medicine.

In figure 2, the numbers of postgraduate students
and degree recipients are presented by discipline from
1980 until 1996. The large difference between the pro-

portion of students and the proportion of graduatesin cer-
tain fields indicates that a high percentage of graduate
students do not complete the program or completeit more
dowly; for example, compare the datafor studentsin the
socia sciences versus those in the natural sciences.

Since the mid-1980s, the licentiate degree has been
reintroduced as an intermediate qualification in postgradu-
ate education. The standard time for completing this new
degreeis2 years. Therequest for the new licentiate came
primarily from engineering faculty, in which field alicen-
tiate can be regarded as adequate preparation for work in
industry. Most holders of licentiate degreesarein the tech-
nical sciences (computer science, mechanics, engineer-
ing, architecture, etc.) (figure 3).

As shown in figure 4, the number of licentiate and
doctord students has gone up considerably sincethe early
1980s. Also, dthough there is till a big difference be-
tween the number of students who enroll and the number
of students who actualy complete postgraduate studies,
the difference has declined relatively.

The doctoral degree program in the current higher
education system officialy takes approximately 4 years
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Figure 2. Postgraduate students and degree recipients by discipline
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SOURCE: Statistica Centralbyran (1997). Universitet och hogskolor Forskaruthildning: Nyantagna, registrerade och examinerade lasaret 1993/94,

1995/96, and 1996/97. Orebro.

Figure 3. Licentiate and doctorate degree awards

Figure 3a. Licentiates Figure 3b. Doctorates
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SOURCE: Statistica Centralbyran (1997). Universitet och hogskolor Forskaruthildning: Nyantagna, registrerade och examinerade lasaret 1993/94,

1995/96, and 1996/97. Orebro.

to complete, which equals 160 study points. All graduate
programs provide in-depth study in the field, training in
methodol ogy, and research experience. Required courses
take about 1.5 years (60 points). The student, together
with an advisor, decides upon astudy plan and atopic for
the dissertation during thefirst year; thismust be approved
by the department. Doctora dissertationsare usualy writ-

ten in Swedish or English, but may a so bewrittenin other
languages. All postgraduate students receive individua
tutoring. Dissertations must be defended in public before
a committee. The thesis may be published as a mono-
graph or as acomposite dissertation consisting of a num-
ber of research papers and a summary.
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Figure 4. Total number of postgraduate degree recipients and students
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The participation of women in graduate education
in Sweden shows a consistent growth during the last de-
cades, dthough the proportion of female studentsis higher
than the proportion of female graduates (figure 5 and table
1).

In the 1980s, the balance of the two main activities
of the education sector—providing undergraduate edu-
cation and conducting research—has shifted more toward
research. During this decade, government appropriations
for undergraduate education decreased from 40 to 30
percent of the total budget for universities and university
colleges. During the same period, government grants for
research and postgraduate education increased; even
greater increases were seen in the funding from other
Sources.

In comparing the Swedish model with other sys-
tems of postgraduate education, a shift can be discerned
from the apprenticeship modd (e.g., of Germany) to the
professiona mode (e.g., of the United States). Since the
reforms of 1969, a considerable proportion of the current
licentiate and doctoral programs have consisted of
coursework and participation in seminars in the field or
related areas. Research and dissertation work are mainly
carried out in the final stages of the program.

DoctoraL REFORMS

As part of larger reforms in higher education in its
entirety, graduate education has changed considerably
since the Second World War. The doctoral education pro-
gram introduced in 1969 was designed to boost the num-
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Figure 5. Proportions of female postgraduate degree-holders and female postgraduate students, 1980-96
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Table 1. Number and percent of new fema

le postgraduate students by major field

1986-87 1989-90 1992-93 1995-96
Field Total Percent of Total Percent of Total Percent of Total Percent of
number women number Women number Women number Women

Lo 2,260 kY 2,450 34 3,470 35 3,100 40
HUMANILIES. ... 280 43 270 45 410 48 340 53
Social SCIENCES.....c.vvrevvvrveeriinene 340 38 370 34 560 41 470 46
MEdiICINE.......cvvvrerereerieieeieris 490 37 560 38 760 41 780 48
Mathematics/natural sciences..... 220 27 300 35 390 38 310 39
Technology.......coocvevvveervennnn, 570 21 570 20 780 24 760 24
Technology/natural sciences...... 120 28 120 26 160 32 150 32

SOURCE: Hogskoleverket (1998b). Women and Men in Higher Education. Hogskoleverkets Reports 1998:13 R.

ber of candidates, lower the average age of the candi-
dates, and increase completion rates. This policy, how-
ever, did not lead to the expected results. In the 1980s,
there wereincreasing concerns about the quality of Ph.D.
education in Sweden. Thisresulted in a strategy focusing
more strongly on quality and loosening the rigid formal
requirements that gave priority to quantitative perfor-
mance (Bleklie 1993). In this period, government grants
for Ph.D. education were increased, and doctoral stu-
dents were provided an additional year of government
support. The basis of most current reforms in postgradu-

ate education can be traced back to the change of gov-
ernment in 1991. In the 1990s, education at dl levels has
become more decentralized. The new research policies
introduced in 1993 involve changes designed to increase
flexibility, efficiency, and competitiveness. Traditionaly,
Swedish researchers were supported by the government
through basic research grants given to universities, per-
sond grantsfrom research councils, and grantsfrom vari-
ous applied science funding organizations. Additional
sources of funding have been introduced to increase op-
portunities for supporting research in areas that are a-
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ready on their way to becoming world class. Instead of
focusing on specific fidds, support is concentrated on
specidly gifted individuas and outstanding research envi-
ronments.

The priorities of the new research policies, as de-
scribed in the 1993 White Paper on Research (Swedish
Ministry of Education and Science 1993, p. 170), are:

* to strengthen links between universities and in-
dustries, and

* to increase efforts to promote concentrated and
major world-class research projects.

STRENGTHENING LINKS BETWEEN
UNIVERSITIES AND INDUSTRIES

A major share of government spending on research
is directed to universities, and not to specific research
ingtitutes. This university-focused orientation may cause
problemsin the exchange of knowledge between the uni-
versity and business sectors. Therefore, a program to
widen and deepen contacts between universities and in-
dustry isbeing introduced. This program consists of, among
other things, an increase in the number of Ph.D.sin in-
dustry, the establishment of specia research companies
connected to the universities, and the introduction of spe-
cia postgraduate programsin industry. The new research
policies adopted in 1993 state that the new projects should
include the training of young researchers.

PromoTING CONCENTRATED AND MAJOR
REseEARCH PrROJECTS

For efforts to promote concentrated and major re-
search projects, 10 billion SEK—to be used over aperiod
of 15 years—has been dlocated to promote internation-
ally competitive research programs. This sum has been
divided among three areas. 60 percent to strategic re-
search (support for technical, scientific, and medicd re-
search); 25 percent to strategic environmental research;
and 15 percent to research in the humanities and socia
sciences (Swedish Ministry of Education and Science
1993). Furthermore, specia “centersof excellence” have
been established at universities and university colleges.
These centers are financed by the Swedish Industrial and
Technical Development Administration.

Further policy measures focus on flexibility, recruit-
ment, and internationalization. Flexibility is considered
necessary to develop cregtive research environments and
to cope with the rapid advancement of knowledge. In-
creased autonomy and pluralism within theuniversity sys-
tem should create opportunities to achieve this. The re-
cruitment of additional researchers is important both for
the development of Swedish industry and for the promo-
tion of quality in university education and research. A
specific program has been introduced to support the re-
cruitment of women into higher education and research.
Finaly, a number of measures have been undertaken to
extend international relations in Swedish research.

During the 1980s, there were discussions as to
whether there was a need for a specia agency at the
faculty level for planning and leading research training on
themodel of American graduate schools. However, these
suggestions didn’t receive strong support at the universi-
ties, and someingtitutions have devel oped their own agen-
ciesfor research training. The discussion about an agency
at the university or faculty level wasrenewed by the1993
White Paper on Research.

The reforms presented above should lead to the cre-
ation of a higher education structure that can deal with
future challenges. Following the creation of such astruc-
ture, the transformation of Sweden’s educationa and re-
search systems is to be carried out in a project entitled
“ Agenda 2000, Knowledge and Competencefor the Next
Century.” Thisproject maps out astrategy to link together
policiesfor schools, universities, and research. It is based
on the belief that governments and parliaments should not
interfere with educational and research systems by regu-
lating and deciding on minor details, but should concen-
trate instead on encouraging individuals to strive for ex-
cellence.

PATTERNS OF SUPPORT

Before the 1980s, postgraduate students were fi-
nanced out of the research appropriation to which each
university faculty was entitled. The way the money was
spent was decided by the faculty board of the individual
ingtitution. The board could decide to spend it on positions
for postgraduate studies or on fellowships. The students
with posts were to spend the mgjority of their time on
research, but could combine this with teaching. Fellow-
ship-holders could combine research studieswith ajob on
a research project or a part-time job as a teaching or
adminigtrative assistant. Another possibility for financing
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postgraduate studies was to combine one’s studies with
research on a project funded by external sources or by
one of the research councils. Some educationa institu-
tions required that students participate in teaching and
administration. Although there were great differences
acrossfacultiesin the application of the regulations, post-
graduatestypically were either required to work asteach-
ing assistants or volunteered to use about 20 percent of
their time for teaching. This was paid work in addition to
the normal sources of financia support they received.

In 1982, the system for financia support of post-
graduate studentswas changed from study grantsto what
iscaled doktorandjanster. These are doctora intern-
ships by which students are temporarily employed at the
university with full benefits and asaary corresponding to
adarting sdary inthe public sector. Another way of fund-
ing students is the utbildningsbidrag (stipend), which
gives students alower grossincome and poor benefits. In
addition, some studentsfinancetheir studiesthrough work,
loans, or scholarships. In 1994, of those who received
funding for doctoral studies, 59 percent had a
doktorandjanst, 16 percent had an utbildningbidrag,
and 25 percent used another funding mechanism. Figure
6 showsthat the proportion of postgraduate students sup-
ported by adoktorandjanst has grown rgpidly from 1986-
96, mainly at the expense of government scholarshipsand
assistantships.

The availability of financia support varies by disci-
pline. In figure 7, different types of financial support are
presented for the different disciplines.

Funding has had acons derable impact on postgradu-
ate completion rates (Zetterblom 1993). Completion rates
differ greatly across groups of postgraduate studentswith
different amounts of financial support. In the fields with
the lowest rates of completion, the humanities and socia
sciences, about half of the students received no financia
support from the university. In the natural sciences, the
corresponding figure is only afourth. With the exception
of sudentsinthe clinicd subjects of medicine, the comple-
tion rateswere low among students who received no sup-
port. In the humanities and socia sciences, the comple-
tion rate of this nonsupported group was about 5 percent;
for the group most favored with study support, this pro-
portion was 40 percent (table 2).

Various reasons may explain the differences in
completion rates between groups with different amounts
of study support. Of great importance seems to be the
opportunity to perform research work on a full-time ba-
sis. In addition, the requirement of yearly applicationsfor
grants or ass stantships stimulates substantial progressin
their studies.

Figure 6. Support patterns, 1986 and 1996
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and 1996/97. Orebro.
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Figure 7. Availability of financial support by discipline, 1986 and 1996
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Table 2. Proportion of students with a doctoral degree after

13 years (admitted in cohorts of
1972-73 to 1977-78), by field

. Regular | Regular No study
Field support | support Total
support
> 3year | <3years
Humanities.........ccocevvevnne. 41 24 6 18
Social SCIENCES.........oeveiees 40 23 5 19
Natural sciences................ 71 39 20 50
Medicine, theoretical.......... 82 45 56 67
Medicine, clinical................ 70 66 59 63
Engineering.........ccocveveevens 57 27 18 36

SOURCE: Zetterblom, G. The Development in Graduate Eduacation in
Sweden. Paper presented at the Sixth CHER Conference,
July 1-3, 1993, Stockholm.

In 1998, the rules for funding postgraduate studies
were modified. Now, only applicants employed in a post-
graduate post or awarded a study grant may be admitted
to postgraduate training. In other cases, the applicant must
have guaranteed study funding for the whole period of
sudy.

EMPLOYMENT PATTERNS

The rapid growth of postgraduate students in the
1960s raised concerns about the opportunities for gradu-

atesto find suitable employment in the future. A govern-
ment committee set up to develop a system for quantita-
tive planning proposed an elaborate system for balancing
supply and demand in postgraduate education. The plans
to implement such a system, however, were cancelled, as
therising growth of postgraduate students appeared to be
temporary. In the 1980s, the attention given to therelation
between the labor market and postgraduate education was
based on more qualitative considerations. In the last de-
cade, government policy hasmainly been directed at simu-
lating cooperation between industry and research to train
high-quality researchers.

There is little quantitative information available on
employment of Ph.D.sin Sweden. Wetherefore give some
rudimentary figures. Statistics show that almost al of the
new doctoral degree-holders from 1991-92 were em-
ployed in 1994 (Kyvik and Tvede 1998). Fourteen per-
cent were unemployed during parts of this period from
1991-94. There are large differences in the percentages
of postgraduates from different disciplines who are em-
ployed by universities. Around 1980, over 50 percent of
al Ph.D.sinthe socia sciences were employed by auni-
versity. The corresponding rates for recipients of doctor-
ates in the humanities and natural sciences are between
40 and 50 percent. The smallest proportion of postgradu-
ate degree-holders employed in universities can be found
within the clinical subjects of medicine (Zetterblom 1993).
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PATTERNS OF | NTERNATIONAL

MoBILITY

In the 1980s, most Swedish universities developed
their own plans of action to set prioritiesfor international-
izing curriculaand research networks. In 1993, however,
the Royal Swedish Academy of Sciences stated that too
few researchers—including postgraduate students—en-
gaged in research stay's abroad and that thisSituation should
be changed. The government supported this view and
recommended the use of existing bilateral agreements,
programs, and networks; it also advised that specid at-
tention be given to the development of shorter courses,
summer schools, etc. In addition, the universities them-
selves were expected to be responsible for enhancing the
internationalization of research training.

A generd trend toward the internationalization of
education and research can be detected in Sweden. For
example, the proportion of Ph.D. graduates in Sweden
with a first degree from another country grew from 3
percent in 1973-74 to 19 percent in 1993-94. In 1994,
there were dmost 1,000 incoming people—both tempo-

rary and permanent residents—with postgraduate edu-
cation in Sweden, compared to 340 persons outgoing. For
outgoing students, the United States seem to be the most
popular country to stay abroad. In addition to language
reasons, students claim that the best research environ-
ments in their fields are in the United States. In Europe,
the United Kingdom, Germany, and France are the most
popular countries. Only 3 percent of the students going
abroad chose to study in Africa, Asia, or Latin America.

With respect to the internationalization of research
training, the regiona cooperation between the Nordic coun-
tries in postgraduate education is especially remarkable.
In 1990, the various Scandinavian countries tried to fur-
ther their cooperation by establishing the Nordic Acad-
emy for Advanced Study. Thisorganization currently funds
approximately 6,000 research students and researchers
involved in cooperative Nordic projects. The objective of
this cooperation is that the Nordic countries function as
one common research training region. Graduate students
will thus have the opportunity to make use of coursesin
countries other than their home country.
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UNITED KINGDOM

Jeroen Bartelse, Eric Beerkens, and Peter Maassen

| NTRODUCTION

In the post-war period, the British higher education
system experienced amajor expansion. By the end of the
1950s, however, it became clear that the route pursued
was hot going to yield the expansion the system actually
required. Thiswasmainly because universitiesraised their
entry requirementsto cope with increased demand, rather
than accommodate larger groups of students within the
existing infrastructure. These growing tensions resulted
in the establishment of the Robbins Committee to inquire
into the future of higher education. The report published
by this committee stated that “ &l young persons qualified
by ability and attainment to pursue a full time course in
higher education should have the opportunity to do so”
(Committee on Higher Education 1963, p. 49). This re-
flection provided a guide for the development of the Brit-
ish higher education system thereafter. During the 1960s,
severa new universitiesand awholly new sector of higher
education were established. Despite the recommenda-
tions of the Robbins Committee, further expansion of
higher education did not take place in the universities but
mainly in the newly established public sector in higher
education: the polytechnicsand colleges. Thisbinary sys-
tem lasted until 1992, when the polytechnics were granted
university titles.

Virtudly dl inditutions in British higher education
offer the 3-year bachelor’s degree program; most also
offer postgraduate degrees leading to master and doc-
tora qualifications. Undergraduate education consists of
3-year programs. These can be concluded at different
levels: thelowest level isthe bachelor “ pass-degree,” and
the highest leve is the bachelor “first-class honors de-
gree.” Overcrowding in the undergraduate programs and
a decrease in standards have resulted in an inadequate
inflow into graduate education—and, consequently, have
led to adiscussion about extension of undergraduate pro-
grams to 4 years. Following undergraduate education,
three types of graduate programs are offered leading to
three types of qualifications. postgraduate diplomas,
master’ s degrees (the so-called “taught master’s,” which
are curriculum based, and the research master’ sdegrees);
and doctoral degrees (figure 1). This country report dis-
cusses graduate education in the United Kingdom and
focuses specifically on the doctoral degree.

The next section discusses trends in graduate edu-
cation inthe United Kingdom. Thisdiscussonislimited to
policy developments up until the late 1980s and the ef-
fects of these palicies on the current number and division
of graduate students. Following this, the various policy
papersissued in the 1980sand 1990s are discussed. These
papers form the basis of the actual reforms that are still
ongoing at thistime. Findly, support patterns, employment
patterns, and international mobility are discussed.

TRENDS IN GRADUATE EDUCATION

In the binary higher education system of the United
Kingdom, universitieswere supposed to maintain their tra-
ditional academic role, including basic research; while
public sector ingtitutions were meant to develop voca
tional types of higher education. The polytechnics, how-
ever, took a more complex view of their role in the sys-
tem, striving to become more equd to, and less different
from, the universities. After the polytechnicswere granted
university titles in 1992, the binary system practically
changed into a unitary system: 74 universities enroll 90
percent of al studentsin higher education, and 143 other
ingtitutions provide education for the remaining 10 per-
cent (Brennan and Shah 1994).

In generd, the British higher education system, both
in the past and in the present, can be characterized as
specidized, ditist, smal-scae, and focused on first de-
gree provison (Becher 1993). Two universities, Oxford
and Cambridge, monopolized higher learning in England
for six centuries, until the foundation of the Universities
of London and Durham in the second quarter of the 19th
century. In 1917, Oxford was the first British university
to introduce the Ph.D., largely to attract American schol-
ars away from Britain's wartime enemy, Germany
(Simpson 1983). Professors had begun to incorporate re-
search work into their own activities, but still research
was considered subordinate to teaching activities, rather
than the basis of professoria orientation and university
organization. This might account for the moderate inte-
gration of the Ph.D. degreein the British system. In 1938,
there were only 3,000 postgraduates in British universi-
ties; these represented only 6 percent of the full-time to-
tal student population.
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Figure 1. The British higher education system
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Although the number of doctoral graduates has
grown rapidly during the severa decades following the
Second World War, its growth was considerably dower
than in most other countries in Europe. In the Robbins
Report of 1963, therefore, expansion of participation in
graduate education was recommended. The committee
gavetwo reasonswhy these increases were needed. First
of al, there should be more graduate students in order to
provide more teachers for the rapidly expanding system
of higher education. Second, more students were needed
to keep up with the fast pace of change in the scientific
and technological revolution. It was assumed that the de-
mand for people with graduate degrees would increase
with supply.

The Robbins Report proposed anew structure for
graduate degrees, in which a 3-year Ph.D. would follow
al-year master’ sdegree program. Thereforms proposed
in this report emphasized the importance of acloserda
tionship between graduate education and the labor mar-
ket. It was envisioned that American graduate schools
would be copied in terms of training through formal in-
struction and seminars. Thisway, doctora studentswould
no longer be dependent on a single supervisor. After the
Robbins Report, governmental statements on graduate
education were largely absent. In 1982, the Association

of British Research Councils published the Report of the
Working Party on Postgraduate Education, better
known asthe Svinnerton-Dyer Report. Thisreport called
for labor market information and employment trends to
be taken into consideration when deciding upon the num-
ber of grants to be allocated by the research councils.
Like the Robbins Report, the Svinnerton-Dyer Report
also recommended theinclusion of coursework as part of
the doctoral program.

In the late 1980s, there was a shift in power con-
cerning research and science policy from leading acad-
emies, the funding bodies, and the research councils to
the government. The British government tarted to play a
more definitive role in the setting of research objectives.
These devel opments and the various papersissued in the
1990s (discussed later in thisreport) form the basis of the
current graduate education system.

The commitment to persona teacher-student rela
tionships ill exigts in this system. The British approach
to university organization does not focus on research asa
primary university activity, prevailing over teaching and
study, asit does in Germany. The orientation toward re-
search came rather late and was mainly a reaction to
scientific progress and improvement in research training
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and research in other countries. Research gradually de-
veloped into a standard and subsidized component of fac-
ulty activity.

Nonethdless, in terms of number of students, the
training component in research has remained relatively
underemphasized in British universties. It generdly in-
volves afew carefully chosen students who conduct re-
search in aclose relationship with their mentors. This has
resulted in a doctora program with little or no curricular
provision. Most graduate students register for the Ph.D.,
which normally requires 3 years of full-time study. Some
studentsregister with the intention of obtaining amaster’s
degree, usudly either a master of arts or a master of
science taken full timein 1 year, or a master of philoso-
phy taken full timein 2 years.

In the current system, only students who achieve a
bachel or first-class or upper second-class honors degree
are admitted to a graduate program, although exceptions
are made for people with relevant professiona experi-
ence. Admittance to a graduate program occurs in two
stages. The first stage is the provision of a studentship
(scholarship) by the British Academy or aresearch council,
inwhich the results of the undergraduate career are taken
into account. Second, the student has to be accepted by
the department. Expectations regarding time to comple-
tion of the program and chances of success of the re-
search proposal are leading criteria for admission by the
ingtitutions (Kaiser, Hezemans, and V ossensteyn 1994).

Smadll size, sdlectivity, and high quality go together
along with personal relations between teacher and stu-
dent. This apprenticeship model has been a mgjor char-
acteristic of the British system and has the advantage of
being easy to operate, with clear lines of responsbility
between student and supervisor. Thetheses produced are
made publicly available and consist of a monograph or
series of selected papersin learned journals.

Within the various disciplines, there are important
differences in this traditiond modd. In the natura sci-
ences, agraduate student joins aresearch team and works
on aresearch thesis while contributing to the overal ef-
forts of the group. In the humanities and socia sciences,
however, students normally select their own topics and
work independently. Formal contact is much greater in
science departments.

As aresult of the reforms in the higher education
systeminthe early 1990s, the number of university gradu-
ate students boomed between 1993 and 1994. Asthe poly-

technics were awarded the university title, the number of
taught master’ s degrees, in particular, showed alarge in-
crease (figure 2). With the expansion of the number of
universities, and therefore of the number of accrediting
ingtitutions, taught master’ s degrees are being offered in
more ingtitutions than before the 1993 reforms.

Figure 3 shows the enrollment of graduate students
in various disciplines, broken down by year. The differ-
enceson either sde of 1993 can be explained by the higher
education reforms implemented at that time. Figure 4
shows the differences in enrollment across various disci-
plines for taught (curriculum-based) programs and re-
search-based programs.

The enrollment of women in graduate education
shows a steady increase in the past decade (figure 5).
Currently, the numbers of male and female graduate stu-
dents are practically equal.

In figure 6, doctoral degrees and total graduate de-
grees awarded in 1994 are presented by discipline. Fig-
ure 7 shows number of doctorates by discipline.

DoctoraL REFORMS

While government interference was relatively ab-
sent between the publication of the Robbins Report in
1963 and the Swinnerton-Dyer Report in 1982, therole
of government in graduate education increased consider-
ably at the end of the 1980s. Until 1993, this was mainly
through references to graduate education in genera pa-
pers about higher education. The policy statements show
a consgstent interest in linking the number of graduate
studentsto labor market demands. Therefore, an interest
in the content of graduate education and its relevance to
the needs of industry and commerce were incorporated
in the policymaking process. At the same time, the rel-
evance of basic research, which contributes to funda-
mental knowledge, was recognized. In this section, the
reforms in British graduate education—which are il
going on—are examined on the basis of the various policy
documents issued in the 1980s and 1990s.

Many of the changes to the British traditiona ap-
prenticeship model have been inspired by the American
graduate education system. Thislatter system placesmore
emphasis on teaching as a means of introducing substan-
tial elements of training. Furthermore, it is a system in
which teams of academics act as advisors for Ph.D.
projects. Some of these practices have recently appeared
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Figure 2. Enrollment in graduate education
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Figure 3. Enroliment in graduate education by discipline
100%
90%
O
80% Other .
O Education
O
70% - Arts
HLaw
BR <
60% - Business
O Humanities
O <o
50% Social
B Engineering
=
40% - Math and computers
B Agriculture/veterinary
30% O Natural
O Medical
20% A
10%
0% T T T T T T T

1990 1991 1992 1993 1994

1995

1996 1997

SOURCE: Higher Education Statistical Agency.
172




Figure 4. Postgraduate enrollment by course and discipline in 1994 and 1995
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Figure 5. Female enroliment in graduate education
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Figure 6. Degrees awarded in 1994 by discipline in the United Kingdom, as efforts have been made to
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Medicine job opportunities in higher education, it was in the stu-
1 . . . dents best interest to complete as quickly as possible.
°c 8 8 8 8 8 8
[re) S ro} S 0 S
— — N N [92]

SOURCE: Higher Education Statistical Agency (1998c).
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TrAINING PrRoOCESS IN THE PH.D.
PrROGRAM

The question of whether the education and training
process in the Ph.D. program should be emphasized has
been amuch-debated issue. According to the Committee
of Vice Chancellors and Principals of British universities,
the Ph.D. should be both a product—an origina contri-
bution to knowledge—and a process, involving the train-
ing of aresearcher. The only way to accomplish this goal
within 4 yearsisto define the thesistopic carefully and to
accept the notion of aPh.D. program with formal training
elements complementing the original research work. This
structure was regarded as a way of broadening the nar-
row, traditiona Ph.D., while helping to improve comple-
tion rates. Critics of this approach note that it is difficult
to combine both formal training elements and research
into a coherent package. There have also been sugges-
tions that the Ph.D. thesis should be replaced by a series
of research papers on avariety of topics linked to a cen-
tral theme. However, the idea of asinglethesis making a
substantial contribution to adisciplineis considered apow-
erful concept which seems likely to remain dominant
(ABRC 1982).

The main participants in this debate were the fund-
ing councils and the higher education ingtitutions. Much
of the pressure to reform the graduate research training
processin the 1980s came from agencies responsible for
funding training rather than from the universitiesthat pro-
vided the training. There was considerable opposition
within universitiesto theintroduction of the research coun-
cils sanctions policy and considerable argument about
the nature of the Ph.D. Now that a consensus has been
reached over the fundamental requirements of the Ph.D.
(an original contribution to knowledge carried out as part
of aresearch training process in afixed period of time),
the debate has moved on to the functioning of institutional
policies and practices. Questions have been raised as to
whether these policies sufficiently contribute to the pro-
duction of trained researchers. The academic structures
of mogt ingtitutions were developed primarily to cater to
undergraduates. Graduate education is mainly still man-
aged as an extension of undergraduate programs, often
without the necessary resources. In addition to its struc-
ture, the size of graduate training programs might create
problems. Many departments are too small to support a
doctora program with a thriving graduate community
(Burgess et a. 1995).

After the release of the Swinnerton-Dyer Report,
the government remained rather quiet about graduate
education until the early 1990s. In 21993 White Paper on
Research, Realising Our Potential, the Technology Fore-
sight Initiative was announced; its intent was to bring to-
gether the industria community and the communities of
science and engineering. Inthisreport, attentionispaid to
the relationship between higher education and theresearch
base. Part of the Technology Foresight Program was a
wide-ranging consultation of panels representing key sec-
tors of the economy. Although many issuesraised by this
consultation have a genera rather than a specific rel-
evance to graduate education, some of the wider con-
cerns might have implications for graduates in terms of
funding structures and priorities for research topics. The
specific objectives of the Technology Foresight Program
were as follows:

* to encourage close interaction and networking
between the science, engineering, academic, busi-
ness, and government communities,

* to build a common understanding between these
communities of the challenges, concerns, and
emerging opportunities in markets and technolo-
gies, and

* to provide guidance on priority areas of the 1993
white paper.

In the mid-1990s, two committees were key in the
development of graduate education. Their reports were
named after their chairmen: theHarris Report (HEFCE,
CVCP, and SCOP 1996) and the Dearing Report (Na-
tiona Committee of Inquiry Into Higher Education 1997).
The Harris Report focused solely on graduate education
and recommended a framework of degrees, specifying
the length, level, and title of each program; it aso noted
that there should be sufficient public funding to support
graduate students. TheDearing Report, on the other hand,
focused on the entire higher education sector and hardly
mentioned graduate education in particular. It did, how-
ever, endorse the recommendations of the Harris Com-
mittee. One of the recommendations in this latter report
wasto develop aframework of standardized degreesand
qualifications, and to increase the transferability of cred-
its between ingtitutions. It was put forward that master’s
degrees should be standardized and awarded only at the
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graduate level. The standardization of degrees should pre-
vent this diverging range of recognition of degrees. The
committee further recommended taught program degrees.

According to Blume (1995, p. 29), “graduate train-
ing is being gradually decoupled from its traditional asso-
ciation with an academic career toward education and
training.” The U.K. research councils have developed a
number of schemes, which include a variety of relation-
ships between students, industry, and educational institu-
tions. The production of origina research, however, re-
mains central to the purpose of graduate education. The
current challenge is to ensure high-quality training in re-
search (given political priorities and financial constraints)
that emphasi zes both product and process (Burgess, Band,
and Pole 1998).

Ingeneral, one might say that universitieshave made
efforts to reform graduate education. There has been a
move away from the apprenticeship model toward a pro-
gram of research training that includes coursework, the
gppointment of joint supervisors, and a careful monitoring
of progress by a research committee. Mogt institutions
now have strict limits on the length of the research thesis.
To ensure and control the quality of graduate education,
some ingtitutions have looked at the American graduate
school model. In the early 1990s, afew graduate schools
were established in the United Kingdom; presently, there
are indications that certain other institutions will also
change the administration of graduate education. In 1992,
the chairman of the Advisory Board of Research Coun-
cils stated that (Ince 1992, p. 18):

The idea of British graduate schools represented a
strand of thinking which isnow becoming quite com-
mon. A new center of gravity hasto be found which
gives agreater roleto the research mentality. Lead-
ing universities increasingly need to be places that
think of themselves as producers of research and as
centers of systematic research training instead of
placesthat happen to do someresearch and research
training alongside their undergraduate training.

Changes in this direction are being made, but are
gtill in progress.

PATTERNS OF SUPPORT

Public funding for graduate education comes mainly
from two sources:. the funding councils and the research
councils. The funding councils do not provide financia

support for graduate students but provide the capital and
some of the equipment for both research and teaching.
The research councils make grants avail able for research
and studentships for graduate education. Sources of sup-
port for postgraduate students in 1996-97 are shown in
table 1.

Table 1. Sources of support in 1996-97

Source Full-time | Part-time
TOMAL e 7,629 | 13551
No award or financial backing..........ccccccvevvnns 3,344 6,308
UK LEA mandatory/discretionary awards.......... 2,095 333
Institutional waiver of support CoStS.................. 296 426
Local gOvernment.........cocvvevreerereereenerreenens 8 1
Research councils and British Academy........... 593 18
Charities and international agencies.................. 60 39
Governmental aUthOItIES. ........ccevvveieveieerrienans) 440 1,152
EU COMMISSION. ..o 65 103
Other OVErseas SOUMCES.........cuweererereereerernrnnns 63 13
UK industry and commerce...........cccceveureerreenns 202 3,867
ADSENNO FEES......voeeirercee 29 176
UNKNOWN. o 434 1115

SOURCE: Higher Education Statistical Agency (1998).

The research councils are public bodies funded by
the government. The roles of the three principa public
funding bodies before 1993 are explained below.

* Economic and Social Research Council
(ESRC). The ESRC makes available approxi-
mately 300 research awards for full-time gradu-
ate research training (M.Phil. or Ph.D.) in the
socia sciences at recognized ingtitutions. The
council makes a distinction between so-called
“Mode A” and “Mode B” departments. Mode A
departments have demonstrated that they can
provide forma training in research methods and
techniques in the first or foundation year of the
program, according to ESRC guidelines. They
accept ESRC-funded students without previous
graduate research training for full 3-year awards.
Mode B departments can only take ESRC-funded
students with a foundation in research training;
usually, these students have completed amaster’s
program that teaches research methods.

» Science and Engineering Resear ch Council
(SERC). The SERC awards approximately 2,355
research studentships each year. There are two
types of awards: standard awards and the Coop-
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erative Awards in Science and Engineering
(CASE). Standard awards are alocated by the
SERC as quotas to departments in ingtitutions,
which nominate eligible candidates. A small num-
ber are awarded to individuals on a competitive
basis. The cooperative awards give students ex-
periencein research in anindustrial environment.

* British Academy. Before 1992, the British
Academy gave approximately 500 major
studentships each year through its national awards
competition. The magjority of these provided 3
years of funding for research studentsin the hu-
manities. Since 1992, the total number of awards
as well as the number of 3-year awards have
increased. Of the 400 3-year awards offered each
year, 100 would be available to students without
postgraduate experience and 300 would be re-
stricted to students with 1 year's postgraduate
research training.

Other research councils are the Medical Council
and the Natural Environment Research Council. The re-
search councils studentshipsvary acrossdisciplines. Fig-
ure 8 shows the number of studentships in 1991-92 by
discipline.

Figure 8. Studentships in 1991-92 by discipline
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SOURCE: Office for Science and Technology (OST). Annual Review
of Postgraduate Awards 1992/1993. Unpublished.

Research

Although the ESRC started to fund part-time stu-
dentsthrough anational competition, most part-time gradu-
ate students finance their own studies or are financed by
their employers. Thelatter source of support ismore com-
mon for taught master’s degrees than for research
master’ sor Ph.D.s because of the link between master’s
degrees and employment. Some universities provide their
own studentships, which are mainly awarded to students
who have been unsuccessful in the research councils' or
British Academy’s competitions. A studentship generally
involves a maintenance award (equivalent to a research
council or British Academy grant), together with payment
of fees (Burgess et al. 1995). Furthermore, universities
employ graduate students as class teachers or have de-
veloped teaching assistant programs.

Following the publication of the government white
paper Realising Our Potential in May 1993, theresearch
councils system of funding has changed. There are now
six research councils, five that provide funding for sci-
ences and technology, and one funding the economic and
socia sciences:

» Biotechnology and Biologica Sciences Research
Council,

* Engineering and Physical Sciences Research
Council,

¢ Medical Research Council,
¢ Natura Environment Research Council,

* Particle Physicsand Astronomy Research Coun-
cl, and

e Economic and Socid Research Council.

In addition, the British Academy looks after the hu-
manities.

The six councils are government agencies reporting
to the Office of Science and Technology; they grant fund-
ing for individual postgraduates. The competition for re-
search funding isintense, with only asmall percentage of
candidates making successful applications. Therearethree
types of funding given by the research councils (CSU
1998): advanced course studentships, which are master’s
level taught courses; research master’ s training awards,
and standard research studentships, which are for Ph.D.
or M.Phil. studentsfor programs of up to 3 yearsfull time
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or 5 years part time. Some of the research councils give
CASEs, which are similar to standard research
studentships but involve cooperation with a partner in in-
dustry. The research councils set their own level of pay-
ment, but al awards for British students include tuition
fees (a payment straight to the ingtitutions); a mainte-
nance grant; and a contribution toward travel, fieldwork,
materials, and other expenses.

To qualify for a full award, candidates should be
resident in the United Kingdom and possess a first-class
or an upper second-class degree (a lower second-class
degreeisthe minimum requirement for an advanced course
studentship from the Natural Environment Research Coun-
cil or Engineering and Physical Sciences Research Coun-
cil). Each council regularly reviewsacademic departments
and programs, and all ocates advanced course studentships
through a quota system to the departments of the ap-
proved programs. The departments can select the candi-
dates they believe to be most qudlified. Figure 9 shows
the number of research council studentships from 1987-
88 until 1996-97.

EMPLOYMENT PATTERNS

For most of those who start a graduate program, an
academic career remains the central objective (Becher,
Henkel, and Kogan 1994). The strength of this aspiration,
however, varies by discipline. In the humanities and so-
cia sciences, academic careersarethe prime goa of those
who register for doctorates. Although this goal is also
strong in the natural sciences and technology, the aspira-
tion level inthese disciplinesislower when there are good
employment possibilities in commercia or other nonaca-
demic activities. Especially in many branches of chemis-
try and biochemistry, doctord training is considered appli-
cable to both theoretica and applied areas. Various stud-
ies of the employment of social science Ph.D.s show that
employers generally do not consider a doctorate to be a
significant advantage (Pearson et a. 1991). Employment
trends for people with a Ph.D. degree in the social sci-
encesindicatethat higher educationisthe mgor employer.
A larger proportion of those holding a taught master’s
than of Ph.D. recipients go into industry and commerce
or the public sector; asmaller proportion enters academic
life (table 2).

Figure 9. Number of research studentships awarded by the research councils
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SOURCE: Office for Science and Technology (OST). Annual Review of Postgraduate Awards. Unpublished.
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Table 2. First employment destinations of

Ph.D. and Master's degree recipients,
1989 and 1992 (percentages)

Destination PhD._} Masters

1989]1992| 1989|1992
Permanent academic appointment........... 42| 3.6] 20| 2.0
Fixed term academic appointment............ 23.1]1 22.5 5.0 4.0
Further training.........ooceeeevvenerneerersenens 1.6 2.6 9.5 9.0

(School) - teacher training 1.0 1.1 0.8] 1.0

Private sector (industry or commerce)..... 22.71 17.7} 35.7| 29.0
Government or other public sector........... 55 6.1 95| 9.0
Other employment...........coeveerevvenivneinns 1.8 1.8 1.0[ 20
Not employed........ccoveviereieisieeiennns 7.00 86| 3.0/ 3.0
UNKNOWN......eooeeereceeeseeeeeseee e 22.6] 25.4] 28.5| 38.0
OVEISLAS......cvvieeerieieieieiseiereseeneees 10.6] 10.9f 4.0 3.0

SOURCE: Office for Science and Technology (OST). Annual Review of
Postgraduate Awards. Unpublished.
Thefirst destinations of U.K. resident postgradu-
ates in 1996-97 are shown in table 3.

One of the primary purposes of the Ph.D. is ill
considered to be the preparation of the future generation
of academics. Thelimited number of vacanciesavailable,
however, largely frustrates this aim. At the same time,
outside the research context, the Ph.D. does not appear
to enhancejob prospects. Employersarelikely to be more

proposed in the 1993 white paper could reduce some of
these uncertainties. The taught master’s program can
function as a salection mechanism through which al po-
tential doctoral students should pass. The resulting fewer
entrants will in this way find less competition for aca-
demic posts. In fact, their employment possibilitieswill be
even better, snce more academic postswill become avail-
able due to alarge outflow of retired academics. By in-
creasing the number of master’s degrees and reducing
the number of Ph.D.sin areaswhere thereisasurplus of
Ph.D.s as compared with academic labor market require-
ments, the connection with the labor market should be
recovered.

PATTERNS OF | NTERNATIONAL

MosBILITY

In 1991, over 46 percent of the graduate studentsin
Britishingtitutionswere from oversess. Thelargeincrease
in overseas full-time graduate students, both in absolute
numbers and in comparison with U.K. students, is shown
in table 4.

In the 1990s, the relative number of al overseas
full-time postgraduate students decreased. British post-
graduate education, however, remained an attractive des-

impressed with the promise of all-around capability of a tination for European Union (EU) students. In 1994, 9

master’ s degree-holder than with the more narrowly fo-
cused competency associated with doctoral qualifications.

For the most part, research education isarisky in-
vestment. On the one hand, the advantage of a Ph.D.
compared to undergraduate degrees is absent in awhole
range of nonacademic occupations. On the other hand,
only a minority of Ph.D.s are given the opportunity to
secure their most preferred employment. The policies

Table 3. First employment destinations of

U.K. resident postgraduates, 1996-97

Destination Doctorate Other

degree |postgraduates
Entered WOork.......cocvveeeceeieecsse s 3,356 8,258
Returned to/remained with previous employer.... 573 1,802
Self-employed........ccooveeieiineieceed 83 450
Entered study or training............cocoevveverevncrrenenne 163 2,022
Seeking employment or training...........c.cocoevevnne 97 687
Not available for employment/studies/training..... 83 350
Percentage with known destinations.................. 775 73.2

SOURCE: Higher Education Statistical Agency (1998a).

percent of full-time postgraduate students were from non-
British EU countries (figure 10). Thiswas mainly because
students from EU countries were digible for tuition fees

Table 4. Numbers of U.K. and overseas students

from 1981-82 to 1990-91

Total_ Number of | Number of Overseas

Vear students in UK. overseas students as
po;tr%;arit:te students | students pe(r)(f?etgtt;ge

1981-82 34,276 20,941 13,335 38.9
1982-83 33,903 20,610 13,293 39.2
1983-84 35,928 21,582 14,346 39.9
1984-85 37,563 22,377 15,186 40.4
1985-86 40,498 23,384 17,114 42.3
1986-87 42,824 24,144 18,680 43.6
1987-88 43,733 23,465 19,268 44.1
1988-89 44,175 23,899 20,276 45.9
1989-90 45,644 24,247 21,397 46.9
1990-91 49,950 26,537 23,413 46.9

SOURCE: Office for Science and Technology (OST). Annual Review
of Postgraduate Awards. Unpublished.

179



at UK. rates. In four subject areas, overseas students
even outnumbered British students: veterinary science,
agriculture and related studies, business and financia stud-
ies, and engineering and technology.

Theinternationalization of graduate educationinthe
United Kingdom hasraised severd policy questions. Some

programs are fashioned deliberately to meet the needs of
overseas students. In some cases, it is expected that pro-
grams would not even be viable without overseas stu-
dents. Because departments gain no financial advantage
from overseas students—and, in some cases, might even
lose money offering these programs—a ceiling may be
placed on EU admissions.

Figure 10. Domicile of postgraduate students in U.K. institutions, 1994
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PostGRADUATE DEGREES AND RESEARCHER TRAINING
IN ARGENTINA

Mario Albornoz, Ernesto Fernandez Polcuch, and Ingrid Sverdlick

RECENT TRANSFORMATIONS OF
ARGENTINA’ S HIGHER EDUCATION

SystEM

The expansion of higher education systemsthat be-
gan after World War 11 is a phenomenon shared by prac-
tically every country, regardless of its unique modes and
traditions. There are other features in common besides
expansion: among others, the separation into various lev-
els (including the rapid growth of higher nonuniversity
education), the fostering of research, and the develop-
ment of postgraduate education. Osvaldo Barsky (1997)
states that three of the factors that contributed to this
process were the following: (1) a certain causal relation-
ship between higher education becoming massified and
segmented; (2) the scientific and technological explosion,
and the subsequent broadening of the knowl edge-based
economy; and (3) the political determination of national
states to contribute to the expansion of higher education
systems, emphasizing advanced studies.

Barsky cites another series of factors that specifi-
caly have a bearing on the development of postgraduate
studies. These factors allow us to depict the differences
in the models and specific characteristics that postgradu-
ate training acquires in each country, regardless of the
genera trend. Some of these factors are exogenous and
others endogenous as regards university institutions,
Barsky specifies them as the following:

¢ the centralized or decentralized nature of the
higher education system;

* thesize of university inditutions,

* the unity of teaching and research as derived
from the Humboldtian conception of higher edu-
cation;

* the organizational logic of research activities
in the realm of the university; and

* theconcern for reducing costs (as a result of
the massification of higher education), added to
research and development (R&D) policies that
tend to concentrate research and the training of
a critical mass of scientists working in certain
key subjects.

Besdesthe above-listed factors, one should also take
into account the scientific and academic tradition of a
country, and, asageneral context, its degree of economic
development and industridization.

Analysisof the devel opment processes of postgradu-
aetraining using the criteria outlined above helps explain
the different directionsthey have taken in countriesthat—
to an untrained eye—have similar structural characteris-
tics, such as Brazil and Argentina. Although both coun-
tries share many features and at present belong to acom-
mon market (the MERCOSUR), their degree of industri-
dizationisdifferent, asarethe historica processesthrough
which both societies acquired the features that may be
termed “modernization”; among these the diversification
of the socia structure and the level of education of the
population. In the 1960s, when Brazil reformed and ex-
panded its system of higher education and postgraduate
training, the prevailing feature was that of an accelerated
and successful industriaization process, which exerted
pressure on the socia structure of incipient moderniza
tion.

Argentina carried out a reform of higher education
during thefirst years of thiscentury; its society was " mod-
ern”—in linewith the most advanced in Europe—although
its economy was based on revenues from farming and
agriculture. Some of these reform features lingered until
the 1960s, and the Argentine scientific system achieved a
certain splendor. This infrastructure enabled some re-
searchersto be awarded the Nobel Prize in the sciences.
Inthose years, however, thedelay in industrialization was
beginning to be felt, and the economic crisis that was to
come later was starting to take shape.! Thishad aninflu-
ence on the higher education expansion process, which

!Development of athesison the asymmetries between modern-
ization and industrialization can be found in Suérez (1972).
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was basically geared toward traditiona professiona train-
ing rather than to the training of the high-level human
resourcesindustry demanded. In that context, postgradu-
atetraining in Argentinaremained significantly backward
vis-arvisthat in other countries, such as Brazil.

It is worth pointing out that the expression “new
trends in higher education” is, to alarge extent, a euphe-
mism for “the spread of the U.S. model of higher educa
tion.” In fact, many features of the new model are cus-
tomary in that country: the segmented structure, the role
of research, the training of scientists and engineers, and
the fact that higher education is not free, combined with
the availability of a variety of private sources for dona
tions and fellowships. Also—unlike in other countries—
private universities are a major feature of the system.

Thismodd isin keegping withthe basic U.S. palitica
philosophy, in which education and science are not re-
sponsibilities delegated to the federal government; this
impliesthat the government does not act directly upon the
fields of education and science. During World War |1 and
after, American society carried out very complex debates
aimed at establishing the extent to which the federal gov-
ernment should play arole in fostering fields of science
and technology. The spread on a worldwide scale of the
U.S. mode hasto do with its successin the context of the
American economy, and with the importance that the
United States itself has ascribed to this issue, which has
been expressed in periodica reports aerting Americans
to the strategic value of knowledge ranging from the his-
torical Science, the Endless Frontier (Bush 1945) tothe
most recent Unlocking Our Future (U.S. House of Rep-
resentatives 1998).

The relevance of the process of reform in higher
education, and the training that scientists and engineers
are undergoing in amost every country in the world, is
aso in keeping with Daniel Bell’s theory of the post-in-
dustrid society, according to which knowledgeisthe cen-
tral characteristic of the transformations of asocial struc-
ture (Bell 1974). Therefore, ingtitutions concerned with
knowledge (particularly universities) become all-impor-
tant ingtitutionsin society, and, at the sametime, they them-
selves go through great transformations. Bell warned,
however, that his statements applied to ahandful of coun-
tries and could not be applied to developing countries.

The development of competitive conditionsand their
ideological unfolding accel erated the process of reformin
higher education during the 1980s and forced changesin

countries that had originally resisted adopting this model.
It is natural, however, that the model’ s spread turned out
to be wider and swifter in countries that put active poli-
ciesof industrial development into practice, such as Bra-
zil; and that it should be faced with greater difficultiesin
countries with more traditional social structures, such as
Argentina

HIGHER EDUCATION IN ARGENTINA

THE ARGENTINE TRADITION

Postgraduate studies have a short tradition in Ar-
gentina, asaresult of the university mode that wasstrongly
established in the country since the beginning of this cen-
tury and which has remained without structural changes
for decades in a context of economic crisis and scarce
industridization. It wasonly inthislast decade that agreat
expansion in postgraduate training has been taking place
and that certain symptoms of reform and updating of the
higher education system as a whole can be perceived.

The Argentine university sysemisvery old and dates
back to the early colonial period. The first university
founded in present-day Argentine territory was what is
today the Universidad Naciond de Cérdoba, created in
1610. The Universidad de Buenos Aires was established
in 1821 after Argentina became independent from Spain.
In the last years of the last century, as of Sarmiento’s
presidency, successive governments put into practice poli-
cies supporting education and science as part of a project
to build a modern state that would break away from the
colonia tradition and unify the country after decades of
civil war. During histerm, President Sarmiento invited, in
1870, the American astronomer Benjamin Gould and a
group of collaborators to live in Argentina; they created
the Cdérdoba Astronomic Observatory. President
Sarmiento’ s speech at the inauguration of the astronomic
center is regarded as one of the founding documents of
science policy in Argentina.

Development of the contemporary Argentine uni-
versity system has been influenced by two strong tradi-
tions: the Napoleonic model, whereby the state takes on
the responsibility of higher education and the regulation
of professions with a rigid, compartmentalized bureau-
cratic structure; and the model of the German scientific
university created by Wilhelm von Humboldt, which gives
precedenceto research. In 1891, the Universidad Nacional
de La Plata was created; it was expressly informed by
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the Humboldtian modd. In fact, it was not a mere adop-
tion of the moddl, but rather involved cooperation with
German scientigs. Thisuniversity wasvery activein some
domainsand paved theway for thefirst development of a
modern school of physicsin our country.

With varying force, both influences converged to
underscore the responsbility of the state in matters of
higher education. This became a lasting feature in the
Argentine educationa model, which has a strong public
preeminence. In 1918, the University Reform movement
established the autonomy of universities and the concept
of “shared government”—i.e., participation of students
and graduates in the government of the university. That
tradition is ensconced in the present Law of Higher Edu-
cation (Law #24.521, L ey de Educacion Superio—LES),
which legalizes autonomy and shared government as ba-
sc principles of the university system.

In spite of the fact that the Humboldtian tradition
lies at the very foundation of the Argentine university
model, the weight of the “professionaist” trend became
dominant. It should be emphasized that in this area, the
Argentine university was successful. It trained profes-
sondsat aninternationally renowned level and responded
to agrowing demand for higher education. Nevertheless,
the hegemony of the professionalist trend meant that
teaching became a part-time dedi cation and a supplement
to professional work outside the university, among other
conseguences.

Since the beginning of the century, one of the main
conditions the Argentine scientists have laid claim to has
been that of having full-time employment status for some
university posts, with a saary that allowed them to de-
vote themselves entirely to teaching and research. The
resolution of this conflict was rather peculiar. Not many
full-time posts were created, but in 1958, the Consgo
Nacional de Investigaciones Cientificas y Técnicas
(CONICET) was established. The CONICET was con-
ceived of asastructure with paid staff, organized hierar-
chically and serving as “career researchers.” Origindly,
this* career” was supposed to be supplementary to teach-
ing a the universities, the CONICET was intended as
the means by which university researcherswould be given
full-time posts.

In the 1960s, the University of Buenos Aires, which
isthe biggest and most important ingtitution in the Argen-
tine university system, was able to organize severd high-
leve research teamsin dmost dl scientific fields, mainly

in the biological and hedth sciences. The University of
LaPlatawas aso able to build a strong synergy with the
CONICET and thus reinforced its Humboldtian roots.
Other public universities achieved smilar good resultsin
the consolidation of their research capacities.

That golden age turned into a crisis in 1966 when
military forces interrupted the democratic process. Po-
lice forces invaded university campuses, striking teach-
ers, scientists, and students adlike. As aresult, severd of
the most renowned scientists and engineers|eft the coun-
try and went into political exile. A very long process of
scientific migration for political reasons thus began; this
process would be repeated time and again over subse-
quent years. Argentina s resulting “brain drain” was far
more serious than that of other Latin American coun-
tries.

From this point on—and especidly during the dicta-
torial government inaugurated in 1976—the CONICET
became detached from the university system. It created
its own institutes, and the “career” gradually became an
endogenousinstrument of the scientific community, rather
than a stimulus to university research. Thus the training
of researchers became, for more than 30 years, a ques-
tion that strictly pertained to the CONICET, dienated from
the universities. Only in recent years has thistrend begun
to be reversed, with universities again having high-level
researchers. Therelationship between the CONICET and
the universities has improved, and most CONICET re-
searcherswork at university centers. However, the struc-
tural maformation remains. Even today, only one-eighth
of university teachers have full-time employment status.
Low university budgets, resulting in low university saa
ries, make it difficult to reverse this process—and make
full-time employment in academic work unattractive.

During the last 10 years, the Argentine university
s